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HIGHWAY SIGNS AND MARKINGS FOR 
BLACKOUT CONDITIONS 


BY THE DIVISION OF TRAFFIC AND SAFETY, OHIO DEPARTMENT OF HIGHWAYS AND THE 
DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 


Reported by GEORGE J. FISHER, Assistant Traffic Engineer, Ohio Department of Highways, and O. K. NORMANN, Highway Engineer-Economist, Public 
Roads Administration 





HE complete elimina- 

tion of all lights that 
would be visible at night to 
enemy aircraft has thus far 
been ordered by military 
authorities in very few sec- 
tions of the United States 
and then only for relatively 
short periods. However, 
test blackouts to train 
Civilian Defense organiza- 
tions and to make the 
necessary preparations in 
frequent blackouts 
become necessary have 
been conducted in all sec- 
tions of the country, espe- 
cially in the coastal areas. 
While it may never be 
necessary to have black- 
outs over extended areas 
of the United States for 


Marking important 


that 


case 


be increased. 


roadway as practicable. 





highways so 
vehicular traffic can move with comparative 
during blackouts may become one of the most critical 
traffic-control problems during the present emergency. 

This report includes results of a study conducted 
during blackout conditions by driving passenger cars 
equipped with lights approved by the War Department 
over highways on which a large variety of standard 
and special signs and markings were installed. 

A highway, either urban or rural, can be marked so 
vehicles equipped with the 
lighting system may be operated with comparative 
safety at speeds up to 20 miles per hour. 

The need for most types of signs will be reduced 
during blackouts while the need for marking center- 
lines and hazardous objects within the roadway will 


Signs, to be effective, must be either illuminated or 
reflectorized and mounted with their legends within 
18 inches of the roadway elevation and as near the 
Pavement 
effective, must be reflectorized. 


be mounted as near the 
front of the vehicle as 
possible, between the left 
side and center of the ve- 
hicle and at a height of not 
less than 36 or more than 
55 inches above the road 
surface. When properly 
adjusted, the visual cut-off 
of the top of the beam 
slopes down at the rate of 
2 to 3 inches every 10 feet 
and illuminates a level 
road surface uniformly for 
20 to 100 feet in front of 
the car. Beyond 100 feet, 
the illumination on the 
road surface gradually de- 
creases until there are no 
light rays falling beyond 
200 feet from the vehicle. 


that essential 


safety 


approved blackout 


markings, to be 








long periods, present con- 

ditions warrant taking the necessary steps to insure 
that problems arising in blackouts can be handled 
quickly and efficiently. 

One of the problems involved is the movement of 
essential vehicular traffic. Even during blackouts 
lasting for only short periods, certain military vehicles 
and emergency civilian vehicles must be in operation. 
In any area having frequent blackouts, it can also be 
assumed that vehicles carrying materials and workers 
to and from war production plants will be permitted 
to operate. Otherwise, production would be seriously 
curtailed, 

Regulations governing traffic movement during black- 
outs, issued by the Office of Civilian Defense’ and 
based on standards set by the War Department, 
specify that only vehicles equipped with blackout 
lights approved by the War Department will be 
permiited to operate. 

The approved blackout lighting system tor civilian 
Vehicles, decided upon after extensive tests by the 
Blackout and Traffic Control Branch of the Engineer 
Board of the War Department, consists of one head 
lamp, wo front clearance lamps, and a combination 
Stop ad tail lamp (fig. 1). The head lamp or driving 
amp cuits a beam that has only a small fraction of the 


intens’ y of an ordinary seal-beam headlight. It must 
; Black Requirements for Highway Movement, prepared under the direction 
an . I { Engineers, United States Army, by the Engineer Board, and pub- 
hed by 


ted States Office of Civilian Defense. 


The two clearance 
lamps are mounted on the 
front fenders as far apart and as near the normal head- 
light height as possible. When viewed from less than 
120 feet in front of the vehicle, two separate illuminated 
areas are visible in each lamp. Beyond this distance, 
the two separate illuminated areas in each lamp appear 
as a single light. 

The combination stop and tail lamp must be mounted 
as near the left side as practicable and at a height of not 
less than 20 inches or more than 50 inches above the 
road. Only a single area is illuminated when the stop 
light is turned on, whereas four separate areas are illumi- 
nated in the tail lamp. The four individual areas can 
be seen up to a distance of 60 feet. Between 60 and 


120 feet, the illuminated portion appears as two 
separate areas, while at distances over 120 feet the 
areas appear to merge and only one light is seen. This 


design feature is of assistance to a driver in estimating 
the distance to another vehicle when only the taillight 
is visible. 

Lights used on the vehicle during normal conditions, 
including dash lights, are turned off when the switch for 
the blackout lights is turned to the ON position. 

Recognizing the need of special devices to regulate, 
warn, and guide drivers of vehicles during blackouts, 
the Division of Traffic and Safety of the Ohio Depart- 
ment of Highways in cooperation with the Public 
Roads Administration conducted this study of the 
effectiveness of various highway signs and markings 


105 











¢- 
ms] 
e. 


_-— 


LMA 


mm 
== ee see. 





106 PUBLIC ROADS . Vol. 2°. No.6 





Figure 1.—AvromosiLe Equirppep With Aperovep BLackout Heap Lamp, MARKER LAMPS, AND COMBINATION STOP AND 


Tat 


at the request of the Joint Committee on Uniform 
Traflic Control Devices.’ These tests were designed to 
extend the comprehensive research already conducted 
by the Engineer Board of the War Department to con- 
ditions pertaining particularly to civilian driving. 


TESTS CONDUCTED DURING BLACKOUT CONDITIONS 


Valuable assistance in the conduct of the study was 
supplied by representatives of the War Department, 
the Office of Civilian Defense, and the Lamp Depart- 
ment of the General Electric Engineering Research 
Laboratories at Nela Patk near Cleveland, Ohio. 
Lights approved by the War Department for use during 
blackouts were furnished by three manufacturers of 
these units* and installed on passenger cars of the 
State Highway Patrol, State Highway Department, 
and Public Roads Administration. 

In order to determine the effectiveness of various 
traffic signs and markings, it was essential that this 
study be conducted during actual blackout conditions 
on highways having various surface widths, alinements, 
and a variety of other design features. A 3.5-mile 
section of U. S. Route 40 and a 6.2-mile section of 
State Route 79, both extending through the village of 
Hebron, Ohio, were selected as the highways along 
which the traffic control devices ineluded in this study 
were located. 

In addition to 27 existing signs and route markers, 
12 standard signs, 45 special test signs, 8 interior-illu- 
minated signs, 6 floodlighted signs, and 20 symbols 
were installed along the selected route. Outside of the 
limits of Hebron, 18 different center- and edge-line 
designs were used on 30 sections of highway, each at 
least 1,000 feet long, and delineators having plastic 
buttons as the reflecting units were installed along the 
outside of 4 curves. 

Within the bmits of Hebron, a large variety of pave- 
ment, curb, and object markings were used and the 
traffic signal at the intersection of routes 40 and 79 was 

2 This committee consists of a total of 21 members appointed by the American Asso- 
ciation of State Highway Officials, the Institute of Traffic Engineers, and the National 
Conference on Street and Highway Safety. It is charged with the responsibility of 
revising the ‘“‘Manual on Uniform Traffic Control Devices’’ to cover war emergency 
conditions 

§ Eleven sets of blackout lights were furnist.ed, consisting of three sets by the Guide 
Lamp Division, General Motors Corporation, Anderson, Indiana; four sets by the 


Corcoran-Brown Lamp Company, Cincinnati, Ohio; and four sets by the C. M 
Hall Lamp Company, of Detroit, Michigan 


LAMP. 


equipped with a 27-volt transformer. Along the entire 
route, culvert and bridge headwalls, guardrails, and 
objects so near the roadway as to cause a possible 
traffic hazard were marked, employing a large variety 
of designs and materials such as plain paint, beaded 
paint, reflector buttons, and materials with reflectorized 
coatings. 

All of the four barricades at the ends of the test 
sections were also marked to increase their visibility. 
One was reflectorized. At each of two barricades 
three red lanterns were used, and at the other barricade 
two lanterns meeting War Department specification ‘ 
for blackout lighting were used. Four painted or 
reflectorized boards 10 inches by 10 feet and 33 trun- 
cated cones 8 inches in diameter and 6 inches high were 
used near the barricades to outline the area available 
for turning the vehicles. Figures 2 and 3 show the 
layout of the test course. 

The first observations of the signs and markings under 
blackout conditions were made in the early morning 
hours on Monday, August 3, 1942. Five cars equipped 
with blackout lights and carrying State highway depart- 
ment personnei that were to act as guides and recorders 
during the succeeding tests were driven over the 19.4- 
mile test course (both directions over the 9.7 miles of 
highway): Traffic had been detoured from the test 
course by placing the necessary detour signs and 
stationing a standard barricade and two men from the 


State highway maintenance organization far cnough 
beyond the barricades at the end of the test section to 
prevent the drivers of the test vehicles from seeing any 


normal headlights. 

Immediately before the blackout signal sounded, the 
air-raid wardens of the Hebron Civilian Defense ()rganl- 
zation went into action and saw that all street, ‘ouse, 


and other lights in the neighborhood of the tes! route 
were extinguished or blacked out. State |) shway 
patrolmen kept traffic originating within the i: ¢ area 
off the rural portions of the route and emergen«’ police 
of the Civilian Defense Organization were : ioned 
within Hebron to warn pedestrians and to — ontrol 
traflic. They were equipped with blackout flx lights 
reflectorized leggings, and 3-foot broomsticks pped 


with reflectorized material. 


‘ Blackout Flashlights, Lanterns, and Flares. War Department > 
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INVESTIGATION OF HIGHWAY MARKINGS AND SIGNS FOR BLACKOUT CONDITIONS 


QUESTIONNAIRE FOR PEDESTRIAN OBSERVERS 
(To be filled out by Auxiliary Policemen, Air Raid Wardens, etc.) 
A. Effectiveness of Blackout: 


1. Were all interfering lights extinguished at time of test? Yes_/~ No 
Location of exceptions 





2. How many pedestrians did you see that were not participating in test? 3 
Did they know about blackout? 2h 
If not, did you caution them? “eg Did they cooperate? 7 











3. Were any unauthorized vehicles on the rosd? Yes_~~ No 
Did they cooperate when informed? 2 2 


¢ 


How many? 


non 
B. Visidility of Blackout Cars: 
4. Was there any difficulty in detecting the approach of a blackout ear?_ 2 
5. What was your first warning of an approaching car? 


(a) Headlight (c) Horn 
(>) Marker Lights (4) Motor Noise 


6. Did you recognise the marker lights? Yes / No___—Distance_ /20 uw 


7. Are vehicles with blackout equipment sufficiently visible to permit 
necessary pedestrians to move safely? Yes /‘ No 


C. Movement of Vehicles Equinped with Blackout Equinment: 


8. Did most drivers observe stop signs and signals? Yes / No 
Location ind nature of violations 222k 





9. Did cars appear to be driving dangerously fast? Xe 





10. Did you notice any vehicles on wrong side of roaa?_ 2 2% camer _ 


Name of Observer BO. C7 cantar 
4 ff 


Where stationed during test Lat Cr, 
> 
prtece 


D. Additional Comments: 





Assigne* ’uties during test 








Date x - 37 FA 








QUESTIONNAIRE ForM FILLED Our By PEDESTRIAN 
OBSERVERS. 


FIGURE 4. 


No data were recorded the first night except those 
obtained by having the emergency police and wardens 
fill out the pedestrian questionnaire (fig. 4). This 
preliminary test was valuable as a guide in determining 
the procedure to be followed during the succeeding tests 
and revealed a number of desirable changes in the 
markings and equipment, particularly in the adjust- 
ment of the blackout head lamps. 


EXISTING SIGNS FOUND INADEQUATE 


All head lamps were mounted with the horizontal slot 
in the mask 42 inches above the road surface and the 
center of the slot 11 inches to the left of the centerline 
of the vehicle, and were adjusted so that the top of the 
visual cut-off of the beam at a distance 10 feet ahead of 
the vehicle was 2 inches lower than the bottom of the 
horizontal slot in the head-lamp mask. With this ad- 
justment, most of the pedestrian observers and drivers 
complained of being temporarily blinded by approach- 
ing test cars. Therefore, for subsequent tests the head 
lamps were adjusted so that the visual cut-off 10 feet 
ahead of the vehicle was between 2's and 3 inches below 
the horizontal slot in the mask for a car with driver and 
one passenger in the front seat, and at least 2 inches 
below when there were also three people in the back 
seot. However, even with this adjustment, which was 
used during the following series of tests, it was not un- 
conmon fora light beam to shine above the horizontal as 
the cars traveled along the relatively smooth surfaces 
of ihe test course, but this was a great improvement 
ovr the adjustment used during the preliminary test. 
Ay further increase in the slope of the beam would 
hae seriously affected the illumination provided by 
th head lamp. 

he test runs conducted to record the driver's obser- 
Va’ ons and reactions to the various signs and markings 
we « made in the early morning hours on August 5 and 7. 
Fit -en trips over the test course were made on August 
daod eight trips on August 7. During the last seven 


PUBLIC ROADS 





109 





DATA FOR INVESTIGATION OF HIGHWAY SIGWS AND MARKINGS FOR BLACKOUT CONDITIONS 


SHEET 1 = US 4© = WESTBOUMD FROM SCHOOL TO BARRICADE 


eames 2 SS ss SS 














3 fas Ss st eo Sees Ss st tc SIs 
LEGIBILITY 


Log Description of Sign 
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nat s 
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0.43 | Cross Road symbol | za fa = 
"| End Dashed lane line-l* \ 1 | ages onl Lou adeguage 
0.56 | Beaded 15'=25' spaces __ 1 A Pt PI 72 Acad 
i 
0.64 | Scotchlite on mailbom post | ig iS a aan y 
| a. Right Curve sign if y | Mof -<4aen 
0.82 | bd. Right Curve symbol | » 
| End 6" plain white lane fj | Z 
JS 
0.96 US 40 route marker ae aa | lO Rep Ata 
| Barricade - y | } ; 
| a. bse approved blackout } | \ Vrassed larr.cade 
anterns 
1.04 | b. White beaded board _—is| |Z i 
1.04 | End no lane marking ees: SiS iW Li ficsshd to Zhe 


4 
Ws See ee 5 0 Ss BS te 8S Ss IS SS SS SSS SSS TS STS SSS 





TIMB: Start 720 Bnd SS (nig neh} 
NAME OF OBSERVER kee see DATE g-7-¥2 
- ] 4s a7 ~ 
ADDRESS ptanthees, CPi BUSINESS CONNECTION Fe uncer 


RecorD 
MARKINGS. 


KigurReE 5 First SHEET oF 16-PaGcr Log Usrep tro 
DRIVER REACTION TO SPECIAL SIGNS AND 


trips on August 5, there was a quarter moon so the 
data obtained during these trips have been seggregated 
in the analyses. No brightness measurements were 
made on August 5 but those made by a representative of 
the General Electric Laboratories at 3 a. m. August 7 
were as follows and indicate that the night was about as 
dark as any with starlight 
Object 

Zenith sky 

Sky-45° to west 

Concrete surface 





Footlamberts 
0. 000076 
- 000027 

OOD0010 

The procedure followed was to assign a driver, guide, 
recorder, and one or two observers to cach test car. 
The drivers and observers consisted of men from a large 
variety of occupations, none familiar with the test 
route. The guides and recorders were familiar with the 
test route. The guide sat alongside the driver and was 
present mainly for the purpose of showing. the driver 
the course of the route, to warn the driver of pedestrians 
or dangerous locations if the speed was excessive and In 
general to see that the trip was made safely. The record- 
er, Who rode in the back seat and was equipped with 
a very dim flashlight, entered the remarks made by the 
driver on a 16-page log (fig. 5) listing each traffie device, 
marking, or sign on the route. There were 260 listed 
items including such items as center-line markings that 
were listed twice. The drivers were not expected to 
rate or remark about all items but if they did, space 
was available on the form. No remarks made by the 
observers during the trip were recorded but both the 
drivers and observers filled out the form shown as 
figure 6 when the trip was completed. 

Prior to the start of the trip, the purpose of the tests 
and the procedure to be followed were explained to the 
drivers and observers. The drivers were requested to 
maintain a speed between 15 and 20 miles per hour and 
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QUESTIONNAIRE FOR OBSERVERS 
Mlackout Driving Tests, August 1942 
PLEASE ANSWER ALL IONS 


1. Were you able to follow the prescribed course with reasonable ease? es 


2. What was your principal tittioulty! Aephuene 071 noad careiher laradiabone 
That remedy can you suggest! “ 
tasking a <spoed cir thrlase Rs 


3+ What device was most helpful?_~7 
May? oo & ZHhase at eens, Oe dal 


¢ 
4. (a) Thich form of center line or striping was most useful 1_uZnwoua 
aud ttthcc >A 


4. e144 
2 
e for solid lines? taa2 











(>) Bow center lines compare with t 






g 4 
(ce) Were any of the contér line dashes spaced so widely as to cause difficulty? 


Yes < No 









(e) Was the ordinary white painted centef line adequate? Yes . Wo 4 


5. (a) Of roadside markgrs or delineators, which seemed most effectivet__Zhnze_ 
PPE aeA yo 


(>) Which appeared to be inadequate? Yee 








6. How would you rate the following in order of preference: (a) Reflecting 
button signs 2 (>) Reflecting background signs / 


reflecting signs a. (4) Painted signs £ . 


7. (a) Ie the self-illuminated sign superior to a good reflective sign? Tes__Ho <. 


(ce) Other 








(>) Were the "floodlighted" signs adequate! Yes é No ° 
8. Can you suggest improvement in placement of 0! eZ sn Lap epaes 
©. Other remarks: 4 7 
v7 





ee wa Ae 


Signed_ 





Figure 6.--QuesSTIONNAIRE Form Fitted Out By Drivers 


AND OBSERVERS. 


to remark about each traffic line, sign, or other device 
that they saw, and when possible to give a rating such 
as “good,” “fair,” or “poor,” based on the visibility 
and effectiveness of the particular device. The eyes 
of everyone were ‘“‘dark adapted”’ prior to starting over 
the test course. In addition, a night vision test was 
given most of the drivers and observers. This involved 
determining what line on an optometrist’s chart, 
faintly illuminated, could be read by the subject at a 
distance of 10 feet in a blacked-out room. While this 
was a very rough test, it was desired to obtain some 
measure of the relative night vision of the various 
drivers. 

Table 1° shows the results of the observations made 
on standard signs placed, as to distance from the 
centerline and along the roadway, in the manner used 
for signing highways during normal conditions. The 
signs were along 2-lane highways with the exception of 
the railroad sign, which was on a 4-lane road, and the 3 
signs placed 18 feet from the centerline which were on 
a 3-lane road. Most of the included were 
mounted at standard heights but a few were placed for 
this test as near the pavement elevation as possible. 

In addition to the ratings of “good,” “fair,” and 
“poor” that were applied to signs that were legible, 
the rating ‘‘seen’? was used when the observer saw 
the sign but could not read the legend. The rating 
“not seen’? was applied when the driver made no 
mention of the sign as he passed it. 


signs 


5 As many materials as were available at the Ohio Highway Department’s paint 
shop or could be obtained within the time permitted for this study were used to 
construct the signs lable 1 shows that three types of reflecterized coatings (R. C 
were used. ‘Types A and B designate the products of two different manufacturers 
and include reflectorized flexible materials that are applied to the face of the 
sign, while type C includes the coating obtained by the Ohio State Highway Depart 
ment’s sign shop by sprinkling glass beads over the surface of a freshly painted sign 
The same designations apply when used in connection with other tables and the text 
of this report Before or after these studies were made, products better suited for 
particular conditions may have been placed on the market by the same or other 
manutacturers 
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Rating factors are shown for each type of sign an | 
placement classification in order to have a single figure 
for comparative purposes. They have been calculat: | 
on the basis that a sign rated as “good”’ by all drive:s 
should have a rating factor of 100 and one not seen hy 
any of the drivers should have a rating factor of 
Since it was felt that a sign that could not be read, but 
that could be seen, has some value, some weight his 
been given to the “seen” ratings. Other methods 
of calculating a rating factor were also tried but for all 
those that seemed logical, approximately the same 
results were obtained. 


SIGNS MUST BE PROPERLY REFLECTORIZED 


Considering first the plain painted signs mounted at 
standard heights, table 1 shows that the route markers 
were not seen 72 percent of the time, the informa- 
tion signs were not seen 61 percent of the time, 
and the symbol signs were not seen 39 percent of the 
time. The majority of observers that did see signs 
in these three groups either could not distinguish the 
legends or rated the legibility as “poor.”’ This resulted 
in rating factors of 10, 13, and 25 for the three groups 
of plain painted signs. 

Reflectorizing the signs mounted at a standard height 
with either glass reflecting buttons or a reflectorized 
material improved their legibility very little as may be 
seen by the results for the “symbol,” “WIDE PAVE- 
MENT ENDS,” and ‘railroad crossing” signs. How- 
ever, the data forthe few signs that were both reflector- 
ized and mounted with their top edges within 2 feet of the 
elevation of the road surface indicate that this treat- 
ment resulted in a marked increase in the legibility of 
the standard signs. For example, the rating factor for 
the route markers increased from 10 to 38 (still too low 
for a sign to be effective) while the rating factor for the 
24-inch “stop” sign was81,a very high rating considering 
that the sign was on a 3-lane road and to receive a 
“good”’ rating the operator had to bring the vehicle to 
a stop before reaching a limit line directly opposite the 
sign. 

Although the legibility ratings on table 1 and those 
on all succeeding tables regarding signs are generally 
lower for the moonlight condition (whenever there ts an 
appreciable difference) than for the condition without 
moonlight, the results are not consistent. The moon- 
light on August 5 apparently had little or no effeet on 
the legibility of signs as compared to the effect of other 
factors. 

Thirty of the 42 signs made especially for this test 
by the Ohio Department of Highways were mounted 
along the shoulder on tangent sections of a 20-foot 
concrete road. All were placed 16 feet from the center 
line, at an angle of 10° toward the road from a line 
perpendicular to the centerline, and at a height so that 
the bottom edge of the sign was approximately at 
the same elevation as the road crown (fig. 7-A). All 
of these signs were 2 feet square and had_ legends 
consisting of four-letter words 6 inches high. By u-ng 
different types and colors of materials and reflectori/ing 
the letters on some and the background on others. 19 
different combinations were used. Eleven signs ¥ cre 
each duplicates of 1 of the other 19 except for the leg: id. 
[In placing the signs, care was taken so that no sign ld 
be seen from a vehicle on a curve or close enoug) to 
another sign to be visible while the other sign as 
still in view. 
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TABLE 1.—Legibility of standard signs 


Color and material Vistribution of 


legibility ratings 


Nu 
=a Dis- Sky cond ber Rating 
l'ype of sign Mount- tance tion bser Not | factors 
ing from Letters Background stior G i Fair Poors acd os 
height center seen 
of road 
Feet Feet Percent Percent Percent) Percent Percent 
Dark 159 2 } 11 13 71 Il 
Route markers i 16 ~)6s Black Whit Moon wis : = iS ° is . 
rotal 210 l ; 13 ll 72 10 
Dark } 4 7 27 If 1} 21 
By 2 16 do 1 ) Moon . " : a ” 
| Total 63 6 10 22 13 14 22 
jo 45 f 22 20) 29 13 41 
|) 2 16 lo lrransparent K ( Moon 5 ° ou 2 al 
typ | ota { 18 2 2 18 38 
[Mow j 2 27 1] * 15 
Information ‘5 16 ao White — on : 
| Tota 6f ] 6) ll 61 13 
{ Mino. ’ 36 13 37 24 
Symbol j 16 do Yellow Mor re 21 0) 14 21 
| Tota bs bs $3 l sy 25 
Dark 3 7 13 20) 27 4 
0 { r Yellow R. C. type B__|JMoo vs " se 7 ew sae 
| Pota t 10 1Y 14 33 39 
pte 2 t lf 3) 10 IN IT 
) ‘ ‘ Black with glass reflecting Yellow Mo s , 2h 14 18 20 
buttons | 
' I / 0) 11 1] ? 
eo () 13 4 14 
Wide pavement ends is i8 | Black Yellow . C : : r a 
| rota 9 ( 0 27 ’ 4 I! 
Dark 0 0 47 $1 
Railroad crossing 15 2 Black with glass reflecting | Yellow sou » Ms és a es 
buttons, | | { ) 23 19 g 
Dark 5 Ri 1) iY 0 7 “oO 
I) ice ” lt Black Silver R. \ M I » ) li li 0 60 
| Pot 2] 53 te 14 5 5 oo 
Dark 27 13 14 13 33 42 
30-inch stop 2.5 is | Silver R. C. type A with > Yellow Moo f 0 0 3 67 g 
black border | rotal | 19 10 10 19 42 32 
Keep right ) 0 Black with glass reflecting White Dark 8 63 13 0 12 12 73 
buttons. 
a ‘ 7 0 0 13 4 
ol f ( 53 17 72 
4 stoy 2 iS” White with plastic reflecting Yellow Mo Z sé 3 
buttons on black panel | | 14 0 9 81 
lo top of sign from crown of road 
K. C. represents material with a reflectorized coating 
Obtained by adding all of the percentage rated ‘“good,’’ one-half the percentage rated ‘‘fair,’’ one-third the rcentage rated ‘‘poor,”’ and one-fourth the percentage rated 
Hie #2 


Table 2 shows the distribution of legibility ratings 
and rating factors for the special test signs. The 
legibility ratings of the plain painted signs (group 1) 
were all too low for any of these signs to be of material 
ud to a driver under blackout conditions. 

Of the signs with plain black letters and a back- 


ground made of material with a reflectorized coating 
(group 2, table 2), those with white material rated 
consistently higher than those with yellow material 
mace by the same manufacturer although there was 
hot » large difference. For both the white and yellow 
Maicrial, type A, type C, and type B rated first, 
seco ud, and third, respectively, although the differences 
wer slight. However, the most important finding 
Was that the rating factor for the sign with the silver 
ref torized coating (type A) was almost perfect and 
heai y twice as high as the average rating for any of 
the ther materials. 


Signs having letters constructed of a reflectorized 
material (group 3. table 2) and mounted on a black panel 
8 inches high attached to a plain painted background 
all received comparatively igh legibility ratings. It 
should be noted, however, that only the two reflector- 
ized materials receiving the highest ratings in group 2 
were used for the signs in group 3. Here again, the 
silver-colored material (type A) received higher ratings 
than the white material when both were on the same 
backgrounds. The signs with the white backgrounds 
rated higher than those with the yellow backgrounds 
when the letters were of the same material. The only 


explanation for this is that a white background provided 
a greater contrast with the black panel and increased the 
target value of the sign, thus helping to draw the driver’s 
attention to the sign before the letters were fully 
illuminated. 

None of the signs with reflector buttons received as 
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TABLE 3. Legibilit 1 of test Signs 
road, low. and 16 feet 


placed at an angle of 10° to t/ 
from the centerline—Continued 


GROUP 2—BACKGROUND OF MATERIAL WITH REFLECTORIZ} 


COATING—Continued 











. , Distribution of legi 
Color and material = cites’ ratinga 
Letter Back n "4 er tee Ti ee | ee | 
at = = o ~ > = 
f 4. So fx, Ps T. Z. 
Pet. Pet.| Pet. Pet. Pet. Pet 
Dark 30 | 27 fh 10 >) 7 
Aloor » ) ) h i) 
Black White R. ( —— Z| 42 | # 
| Potal (2) 31/38] 7/19 
Dark 30 | 24 ee 13 } 
Do Yellow R.C. type loon 12 ] 42 2 l 
’ | Potal 12 | 29 21 | 14 | 10 
fos 22|27| 0| 64 0 
De White R. ” Moon 12 | 1 33 | «42 s ‘ 
B | rotal._[3a|23| 12 50) 
Dark l 13 1) 10) 4 Q 
D Yellow R. Moon ( 0 | 6 : ) ( 
B Potal 4 | 4 $s S 
ee Dark 167 | 35 | 25 | 27 | 7 s 
Fo fase etnias Moor 66 | 26 | 42 22% i 
Figure 7.—SpeciAL Signs Usep ror Tests; A, PLackp ALONG | Total 931 33 3) OF 5 
fouTE; B, Barrery OF SiGNs VIEWED FROM STATIONARY 
VEHICLE. 
<a : GROUP 3—LETTERSs Ot} MATERIAL WITH REFLECTORIZEI 
TABLE 2 Legibility of lest signs placed altan angle of 10° to the COATING 
road. low. and 16 feet from the centerline 
GROUP 1—PLAIN PAINTED SIGNS Moot 6 (100; 0,0. Oo 
Silver R. ( pe | Black nel or — 
i A white | otal 21 90 0 
ikea sane’ : Distribution of legi 
ee — 5 £ bility ratings PS Dark 71 57\90! o| O| 14 9 
- —| — Black panel on Moon 6|67/17| 0! 16] 0| 
= a = ellow 
5 3 | | otal 13 | 621/23! 0O| 8] 7 
Letters Background bs a | 1 el ee he a _ 
4 = = > = = Dark 30 63 2% ‘ ; ( sI 
f = ~ i. ys =< 00 ‘ e} T} ( Ss 
: White R. ¢ tv. Black pane or M eo l2 d a 
4 sia | Potal 12/62/29); 7 2/1 0 } 
Pet.| Pet.| Pet. Pet. Pet 
Dark +0) 0 | 13 | 33 | 37 | 17 27 Dark 30 | 37 | 50 ; ; { 
Black Whit a 12 0 8 | 50 | 34 S 29 Ds Black panel Moon 12 | 25 | 42 , 25 () s i 
) 
| Total $2 0 | 12 | 38 | 36 | 14 QR yellow | Total 12 | 33 48 | «10 2 - 
Dark 37 3 | 13 | 41 | 35 Ss 32 Dark 82 61 R 7 , 7 
Do Yellow Moon Is ly | 39 | 28) 11 | 34 Ta Moon 6 163 ' 23) 8| 4] 2) 
| Total 55 4; 14 | 40 | 33 if) 33 | rotal 118 | 62 % { j { 
ae 5 7 A) 47 265 0 3Y 
’ Moon 6 17 17 | 33 0 3 37 
White on biack | White GROUP 4—LETTERS WITH GLASS REFLECTING BUTTON 
panel | ] ) ‘ ) 1¢ 
Total 21 10 | 19 | 42; 19 | 10 38 
te l 7 7 ; 33 0 37 Dark an) | 13°47 = 
. loon 6 0 17 67 0 16 31 00 ) mK ) ) % rT 
Deo Yellow ) Black with but W hits Moon 12 s J - 
| Total 21; 5| 9/57/24] 5] 35 ton | Total 2 | 33) 50 | 10 : 
Dark 97 i 13, 44 $3 6 34 Dark 15 20. 40 : 7 | 2 if 
Giesndtond Moon 42 6,15 4 16 | 16 33 De Vellov Moon 6|/16| 0/17 0 1 {7 
| Total 139 » | 14 44 28 y 34 | Total 2] 19 13 14 {7 
Dark 15 | 53 | 47 0 7 
, : . . _— mw Whit I B , Moon 6 | 33 | 60 0 ‘ 
GROUP 2BACKGROUND OF MATERIAL WITH REFLECTORIZED hite with but lack §=pant n 
COATING tons white | lotal 21 is 2 0) i4 
Dark 30 | 67 3 ( “4 
) si) 3 7 ) ) Q7 . oon P| ) 5 s i 
Ri “abe 2 4 8 . ; pa Dy Black pane ' = : : 
diac Silver R. ¢ Dp 08 = | ve vellow 
lack 7 pe | otal 12/60/38; 2) ¢ xt 
{ Total 12 93 7 0 0 0 Q7 
Dark 90 | 46 | 42 j ; 4 
Dark 15 | 33/33 /27| o| 7| 50 Par Moon 36| 25 | 57/12 0 8 
, . Moon ( 17 33 ORO 0 0 50 , 
De W “tg R. ( i | Potat 126 | 40 | 46 7 2 
| Total a 24 33 +3 0 5 7 
Dark | 3} 27 | 27 0 18 56 “RR. C.”’ represents material with a reflective coating 
Do Yellow R. C. typ Moon f 0 | 67 $3 0 0 15 Obtained by adding all { the percentage, rated “good s one _ th 1m 
\ | rated “‘fair’’, one-third the percentage rated “poor and one-fourth the pr 
Total 21 24 is DY 0 q 53 rated *seen’”’ 
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high a rating factor as the best sign in either group 2 or 
croup 3 and the yellow sign with black reflectorized 
letters had as low a rating as any of the reflectorized 
signs. One probable reason why the signs with re- 
flector buttons as a group did not receive better legibility 
ratings was that they were all located in succession 
along the test route. The ratings, which were neces- 
sarily relative values, were made in comparison with 
other signs of the same group, and were therefore not 
as high as they might have been had they been placed 
in company with a number of less legible signs. 

At one of the turn-around areas, eight test signs were 
mounted side by side just above ground level (fig. 7—B). 
As each test vehicle turned, the driver stopped with the 
car facing the battery of signs, and as far away as it 
was possible for him to read the legends on most of the 
signs. He then rated the signs in the order of preference. 

The results for the test on the battery of signs are 
shown in table 3. The preference rating factors have 
been calculated so that if a particular sign had been 
preferred by all observers its rating factor would have 
been 8, and had it been considered the poorest sign by 
all observers it would have had a rating factor of 1. 
There was little difference in the factors for the three 
outstanding signs. They were: The sign with black 
letters on a white reflectorized background, the sign 
with silver reflectorized letters on a black panel, and 
the sign with white letters reflectorized with buttons 
on a black panel. The sign shown as receiving the high- 
est rating in table 2 (black letters on a silver reflector- 
ized background) was not included in this test. Signs 
with yellow backgrounds, either reflectorized or painted, 
did not receive as high rating factors as did those with 
white backgrounds. 


TABLE 3. Relative le gibility of test signs mounted low in front 


Color and material 


PUBLIC ROADS 


113 


The results of these tests definitely prove that the 
legibility of reflectorized signs when viewed either from 
a moving or stationary vehicle varies with the type of 
reflecting material used, the color combinations used 
in the sign, and the location of the sign with respect to 
the roadway. 

Three phosphorescent signs, previously energized by 
12 hours of daylight and sunlight, and mounted above 
the battery of signs were not noticed by the observers. 
Three reflectorized mounted at the standard 
height of 3!, feet above the road (to center of sign) but 
near the pavement edge were either not noticed or 
rated as “‘poor’’ by the observers. 


sions 


MOUNTING AND PLACEMENT OF SIGNS IMPORTANT 


Two types of illuminated signs meeting War Depart- 
ment Specifications for blackout conditions® were tested. 
One type (fig. 8-A) was an interior-illuminated sign in 
the shape of a box 19 inches long, 6 inches wide, and 
4', inches high. The transparent face of the sign was 
painted black with the exception of the legend which 
was of rounded letters 3 inches high made with a 
stroke Inside the box were a No. 6 dry 


inch wide. i 
cell battery and three 1.35-volt 0.06 ampere bulbs that 
will operate continuously for about 1 week with either 
a No. 6 dry cell or 10 standard flashlight batteries in 
parallel. Both ground glass and opal glass were used 
for the face of these signs. Three signs of each mate- 
rial were mounted along the test route at a height of 
4', to 6 feet above the pavement surface. 

The other type of illuminated sign was provided by 
mounting a light 15 inches in front and slightly below 


s, prepared under the direction of the Chief of 


6 Traffic Control During Blac 
y the Engineer Board. 


kout 
Engineers, United States Army, by 


of stationary vehicle 


Num Preference Prefer- 
Sky con- ber of ence 
ditions obser rating 
Letters Background vations Ist 2d id it} Sth 6th 7th 8th factor ? 
I ¢ P I ent Pe Percent | Percent | Percent | Percent 
Dark 0 7 0 r ry 13 73 0 27 
BI Whit Moon 6 0 ( 17 0 0 17 66 0 2.9 
lack ite ; 
| Total 21 0 0 14 71 0 2.7 
Dark | 0 0 () 33 Ho 1.6 
os a Moon 0 7 ) 17 32 17 17 2 
Total | 0 1 1 10 20 1s 2.0 
Freee 1 0) ( 13 5 27 7 » & 
1 ” ” -” ) 9° 
Wt Black panelon white Moon 2 I Be sas 
| Total 21 0 ( ( 14 13 24 14 7 
bee I 2 it 7 l 0 0 0 6.7 
7 Bl White R. C. type A Moon 0 33 17 3 0) 17 0 fT) 0 6.5 
| Total | 29 x { 14 0 0 0 6.6 
Dark 15 0 HA) 0 0 0 5.3 
Yellow R. C. type A | Moon r ( ( 0 0 0 0 6.2 
elloy . ype ; 
| Total 2] 0 14 0 0 0 5 
4 ‘ - = 
Dark 1 45 7 0 4.4 
Yellow R. C. type B Moon 0 i 17 Bz 2.4 
| Total 21 2 10 14 3.9 
fhom 2 7 0 7 0 6.5 
17 7 ) 
: Sve R.C. type A Black panel on white Moon : v V7 v 
: | Total 4 24 10 0 10 0 6.2 
Dark 10) 0 0 0 6.6 
W} : Moon t ] 0 } 0 0 6.5 
| otal y 0 0 0 Ht 
c; reflectorized coating 
ilculated by obtaining a summation of 8 times the percentage of the first preference, 7 times the percent the second preference, ete., and dividing by 100 
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Figure 8.—TRAFFIC SiGgns Tested UnNpER BLAcKOoUT CONDITIONS \ 
SIGN ILLUMINATED BY ExtrreRIOR Licgur: C, Arrow SymMBoL 
Sion: D. Sipe Roap SymBon ReFLECTORIZED WitrH GLass 


the top of a standard nonreflectorized sign so that 
the legend was illuminated. The light consisted of a 
1.35-volt, 0.06-ampere bulb with a flashlight reflector 
painted white. Two types of mountings were used 
One consisted of a single-battery flashlight, with the 
lens removed, held in position by an arm extending out 
from the signpost (fig. $-B). The other consisted of a 
curved metal arm with a clamp holding a No. 6 dry 
eell and light bulb that fastened to the top of the sign. 
Both the battery and light bulb were grounded on 
the metal arm thus requiring only one insulated wire to 
complete the electrical circuit. 

Table 4 shows the results of tests with both types of 
illuminated signs. The interior-illuminated signs with 
opal glass were far superior to those with ground glass. 
Thev were also superior to the exterior-illuminated 
signs. Of the exterior-illuminated signs, the ones with 
black letters on a yellow background were better than 
those with black letters on a white background. 

Table 5 shows the results obtained for a variety of 
special symbols mounted within 24 inches of the 
elevation of the pavement surface (figs. S-C and 8—D). 
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3ELOW STANDARD 


INTERIOR-ILLUMINATED BRIDGE SIGN: 
REFLECTORIZED COATING MOUNTED 
MouNTED BELOW STANDARD SIGN. 


With 


SUTTONS 


These symbols had no background and were made by 
cutting the particular shape desired from a piece of 
weatherproof composition board such as masonite and 
then painting or reflectorizing one surface. They were 
generally mounted farther from the pavement surface 
than the special test signs and were located on existing 
mail-box posts, telephone poles, or below standard signs 
along the test route. The rating factors for the 
symbols were much higher than for the standard signs 
and those for some of the symbols compare favorably 
with the ratings for the special test signs considering 
that the symbols were sometimes mounted at a greater 
lateral distance from the highway surface. Direct 
comparisons cannot be made for the different types of 
reflecting materials since there was such a large yaria- 
tion in the mounting locations, 

Prior to the installation of the special signs on the 
test route, tests were made at the General Electric Co. 
laboratory at Nela Park to determine the dist nce 
from a stationary vehicle that various signs were | 
and the effect of mounting height, angularity, «ind 
transverse position upon legibility. The test ~ gns 
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TABLE 4. 


INTERIOR-ILLU MINATED SIGNS 


Num- Distribution of legibility ratings 


Rat 

Sky condi- ber of : ay ing 

Material used tion Aiaae: | wot | fac: 
vations Good Fair Poor) Seen seen or 


Per-  Per- | Per- | Per- | Per- 
cent cent | cent | cent | cent 


Dark 45 35 27 22 7 { 
Moon 18 28 22 22 6 22 
Ground glass ee is 
Total 63 33 26 22 6 13 
Dark 45 60 13 9 7 11 71 
‘fe Moon 18 55 39 0 6 0 76 
Opal giass a aa aaa i 
Total 63 59 21 6 6 8 73 


EXTERIOR-ILLUMINATED PAINTED SIGNS 


Dark 67 13 33 30 6 18 

Black on white J Moon 30 27 33 14 3 23 
Total 97 17 33 25 5 20 

{Dark 23 43 22 9 9 17 

CRS Sara ee } Moon 6 17 67 0 16 0 
| Total 29 38 31 7 10 14 


Obtained by adding all of the percentage rated ‘*Good,”’ one-half the percentage 
rated ‘*Fair,’’ one-third the percentage rated ‘*Poor,’’ and one-fourth the percentage 


rated ‘‘Seen 


TaBLe 5.— Visibility of special symbols mounted low 


CROSSROAD, SIDE ROAD, AND CURVE SYMBOLS 


Distribution of visi 


ob- 


vi bility ratings he 
sky con- = 5 
rr and . 1] nsec : - o = _ 
Color and material used dition == 3 : 
Es! = “ nw = a = 
Be NS | tee. PR oe ne fs 
Pct. Pct. Pet. Pct. Pet 
Dark 60 | 22 | 10 | 23 | 10 5 
Pl vhite paint Moon 24 | 21 | 12) 21 | 0} 4 
white paint 
( Total 84 | 22 11 | 22 7 (38 
Dark 5160 11 1 0 | 2 ( 
Silver R. C. tvpe A Moon Is 33 17 0 17 
| Total 63 | 52 | 13 ; 5 | 27 61 
{Dark 60 | 57 | 15 8 | 12 s 70 
) 2 53 | ( 
Gla flecting buttons on white paint } Mov _ “4 | ¢ 5 4 4 | 2! 0 
| Total S458 13 7 10 12 a 
Dark $5 33 5} 13 7 | 42 
Glass reflecting buttons on yellow | Moon iS | i | 17) i »| w 
R type A | Total 63 | 29! 9/12] 6| 44 
Dark 15s 40 0 13 7 40 
Gla flecting buttons on silver RK, C Moon % U | Oe v 0 | 33 
t 4 : 
| Potal 21 24 19 9 5 38 
NIGHT ARROW SYMBOLS 
Dark 15 0} 13] 13 0 | 74 
Plair te paint Moon 6 0 33 | 33 0 34 
| Total 21 0 19 19 0 62 
Dark 15 | 27 0 0| 13) 60 ; 
Si] C. type A Moon 6 | 67 0 0 | 33 0 75 
\ Vy. 4 
| otal 21 is 0 0 19 13 
Dark 15 | 27 6 | 20 /| 20 | 27 
GI ting buttons on white paint Moon GO| iW | 33) Al eos 
| Potal 21 | 2) 14/ 19| 14| 2 
Dark 1 60 7 0 0 33 64 
( f} Fy 17 2« F 
a ~ cting buttons on yellow _— ct Fook Mad Bs. 
; Total 21 | 57 5 0 5 33 61 
oo ed by adding all of the percentage rated ‘“*Good’’, one-half the percentag: 
pees ’, one.third the percentage rated *‘Poor’’ and one-fourth the percentage 
rated 


Legibility of interior- and extertor-illuminated signs 
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were viewed from the driver’s seat of one of the test 
vehicles with the blackout head lamp adjusted so that 
the visual cut-off of the top of the light beam sloped 
down ahead of the car at the rate of 2 inches every 10 
feet from a height of 42 inches. 

The results of these observations of signs viewed from 
a stationary vehicle were: 

1. To be legible, a sign must be mounted within the 
range of the headlight beam. 

2. For the 6-inch legend on a 24-inch square sign to 
be within the headlight beam, the maximum distance 
that the sign could be mounted ahead of the vehicle 
was 135 feet. 

3. At a distance of 100 feet, the legend was Ulumi- 
nated when the bottom of the sign was 7 inches from 
the ground although better legibility was attained 
when the bottom of the sign was at ground level. 

4. To be legible at 100 feet, a sign must be reflector- 
ized. All reflectorized signs were not legible at 100 
feet, however. (Some reflectorized signs with 6-inch 
letters are legible at distances exceeding 200 feet when 
the head-lamp beam is raised so that it strikes the 
sign.) 

5. At a distance of 25 feet from the vehicle and 7 feet 
to the right of the centerline of the car, the 24-inch 
square reflectorized signs were legible when the bottom 
of the sign was placed anywhere from ground level to 
26 inches above ground level, but the best legibility 
was obtained when 9 inches above ground level. 

6. Sign legibility was not greatly affected by hori- 
zontal placement up to a distance of 18 feet to the right 
of the centerline of the vehicle (18 feet was the limit 
possible in the laboratory) when the sign was placed 
from 25 to 100 feet in front of the vehicle. 

7. The best legibility was attained when the signs 
were turned so that they were normal to the line of 
sight of the observer. 

The results of these tests were made use of when the 
special test signs were placed along the test route. 
However, since it is impossible to install signs so that 
they will always be normal to the driver’s line of vision 
from a moving vehicle, and since the distance ahead of 
the vehicle that the signs were legible when placed at 
various distances trom the edge of the road were not 
recorded, a separate study was made on August 12 
to obtain information regarding: 

1. The distance that signs suitable for use during 
blackouts are legible when viewed from a moving vehicle 
on both 2- and 4-lane highways. 

2. The angle with both 2- and 4-lane roadways that 
signs should be mounted to obtain the best legibility 
from a moving vehicle. 


INTERIOR-ILLUMINATED SIGNS FOUND MOST LEGIBLE 


A level tangent section of two-lane highway with a 
smooth surface 20 feet wide was selected for this study. 
Normal traffic was detoured during the tests, and there 
were no lights in the neighborhood of the test section. 
A man with a number of test signs was stationed at 
each of eight locations (four on each side of the road- 
way) along the test section to change the sign at his 
particular location for each test run according to a 
prearranged schedule. The schedules were arranged 
so that direct comparisons could be made between 
similar signs placed at different angles with the road- 
way and between different signs placed at the same 
angle. None of the observers knew what sign was to 


be placed at a particular location. 
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FIELD SHEET 


INVESTIGATION OF HIGHWAY SIGNS AND MARKINGS FOR BLACKOUT CONDITIONS 


ANGULARITY TESTS 


Date Y/2-72 Odserver £ <Bhard f 


(Record adjective rating and distance in feet) 
RUN NO. Pel Direction at Side of centerline ugh 
1. Legibility: Sign #1 -62' Sign $2_Gora’-GO' Better sign #1 or #2_ 2 
2. Legibility: Sign #3 ‘ Sign $< “pend 42 Better sign #3 or MF 


3. Which were better Signs #1 4 #2 or Signe #3 4 # 


Recorder 





2 Cada 9, 


RUN 


wo. Pe Direction ZZ. 22th Side of centerline 


1. Legibility: Sign #1 ome 6d Sign ws Lazont - YO__Better sign A or #2_ 2 
2. Legibility: Sign #3 fe . 40! Sign wu’ y Tan Z2 ’ Better sign #3 or # E 
3. Which were better Signs #1 & #2 ‘ or Signs #3 4 #& 


RUN NO. .3 


y) 2 
Direction Ss wih Side of centerline Litgat 
1. Legibility: Sign #1 in Gd “Sign #2 , 62 “Better sign 41 or ae 
2. Legibility: Sign #3/3n7- 72’ Sign of, 52 ‘Better sign #3 or + 


3. Which were better Signs #1 & #2 ‘ or Signs #3 & #_ 


RUN NO. FF 


Direction art Side of centerline Beare 
1. Legibility: Sign #1 Zerg 7/7 ‘Sign 42 6 Zod 62 Better sign #1 or #2_ / 
4 , 
2. Legibility: Sign #3 Lee 22’ Sign P'S JO’ Better sign #3 or # 3 o 


3. “Ach were better Signs #1 4 Yuck bedi Signs #3 & #4 2 


Figure 9. Form Usrep 1n RecorpinG Leaisitiry Distance 
AND ApsEecTIVE RATINGS FOR SIGNS PLACED AT DIFFERENT 
ANGLES. 


All signs were mounted with their centers 2 feet 
outside the pavement edge. The mounting height 


from the elevation of the pavement crown to the center 
of the legend or symbol was 18 inches for the non- 
illuminated signs, 42 inches for the exterior-illuminated 
signs, and 54 inches for the interior-illuminated signs. 

“Figure 9 shows the form used to record the field 
data. The driver, as a sign was approached, called 
out the legend as soon as he could read 1 The 
corder immediately estimated the distance to the sign 
with the aid of small stakes covered with a reflecting 
material and located 30, 60, and 90 feet from the sign. 
While the driver may have actually been able to read 
the sign shortly before he called out the legend, his 
reaction time to do this was probably about the same 
as the time required for him to react in maneuvering the 
vehicle. Im any case, the estimated distances were 
sufficiently accurate for this test. 

After having passed the sign, the driver also gave the 
sign an adjective rating based on the distance that the 
sign remained legible and the relative legibility 
compared with other signs. Aithough the signs that 
were legible from the greater distances generally re- 
ceived the higher adjective ratings, this did not always 
hold. For example, a sign that may have been legible 
for a long distance but was not outstanding at any 
distance may have been given a lower adjective rating 
than a sign that was very outstanding for a shorter 
distance. Data were obtained for both 2- and 4-lane 
highways by each observer driving over the test 
tion twice for a particular sign installation, once to the 
right and once to the left of the centerline. Only the 
receiving the highest legibility ratings on the 
previous test route were included in this study. 

Table 6 shows the legibility distances and ratings for 


re- 


as 


sec- 


signs 


the signs when at various angles with the roadway for 


2. and 4-lane highwavs. The results, which were in 
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line with but more conclusive than the previous sig) 
tests, may be summarized as follows: 

1. Interior-illuminated. signs were the most legibl 
The average legibility distance was in excess of 10( 
feet whether the signs were 12 or 22 feet from the cente: 
line of the roadway. The minimum legibility distan: 
recorded was 50 feet, which is more than ample distan¢ 
in which to stop a passenger car in good condition an 
traveling 20 miles per hour on a dry pavement. 

The reflectorized symbols were idenjified at great 
distances than were the legends on any type of sign 
except the interior-illuminated signs. It made litt! 
difference whether they were at 10° or 30° toward the 
road from a line perpendicular to the centerline o1 
whether they were 12 or 22 feet from the centerlin: 
The average legibility distances were about 80 feet and 
for only 2 out of observations was the legibility 
distance than 50 feet. Signs reflectorized with 
glass buttons were only slightly more effective than 
those with the reflectorized coatings used. 

The exterior-illuminated were not legible 
for as great a distance as a number of the best reflector- 
ized signs when both types were located 12 feet from 
the centerline. Since it made little difference where 
the exterior-illuminated signs were located, their 
legibility distances and ratings compared favorably 
with the best reflectorized signs when both were 22 
feet from the center of the roadway. At greater dis- 
tances, the exterior-illuminated signs would no doubt 
be the more legible. 

Although about half of the observers read the four- 
letter legends at distances over 50 feet, the legibility 
distance was 30 feet or less for 21 percent of the observa- 
tions, and, therefore, exterior-illuminated signs would 
not be effective at locations where a driver would be 
required to bring his vehicle to a stop from a speed of 
20 miles an hour at a point adjacent to the sign after 
reading the legend. Where an immediate stop would 
not be required or where the sign could be located in 
advance of the stop, the legibility distance would be 
satisfactory. As with the interior-illuminated signs, 
the exterior-illuminated signs also have a target value, 
that is, they can be seen beyond the range of the head- 
lamp beam. This feature, which was much more 
pronounced for the interior- than exterior-illuminated 
signs, may result in decreased ~~ prior to reac ‘hing 
the point where the signs are legible. 

It may be possible to increase the legibility distance 
for exterior-illuminated signs by using a flat finish. 
However, if this were required to obtain satisfactory 
legibility, one of the chief advantages of an exterior 
illuminated sign would be lost, namely, being able to 
utilize existing signs by attaching a simple light fixture. 

Of the reflectorized signs, those with reflecting 
buttons were more satisfactory than those with reflee- 
torized coatings when placed either 12 or 22 feet from 
the center of the roadway. This is not entirely 
consistent with the results obtained on the test route 

(table 2) where the legibility ratings were highe for 
the with reflectorized materials than for the 


7) 
(2 
ray | 


less 


signs 


SslgS 


signs with reflector buttons. The difference ine: her 
case, however, is not great. Since the signs vere 
placed so that more direct comparisons could be 1.ade 


these results (tale 6) 
jute 


during the latter series of tests, 
are more conclusive than the results for the test 
(table 2). Final decision as to which type of si: to 


install should therefore, probably be based 0: the 
availability of materials and the particular — 0ca! 
conditions involved. The average legibility dis ince 
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TABLE 6.—Legibility distances of signs at various angles with the roadway observed from vehicles moving 15 to 20 miles per hour 


GROUP 1.—BACKGROUND OF MATERIAL 


Color and material used 


ine perpendic- 





Maximum 


HAVING A REFLECTORIZED COATING 


For 2-lane road—12 feet from center of road For 4-lane road—22 feet from center of road 


Distribution of Maximum 


> Vistrit ‘gibilit 
~ legibility cothiiiie vations legibility Distri Ss vility 
Zz distance ee ere Z distance ‘ 5 
Letters Panel Background Su eg S S > og S S S 
Poin | 2 ieis 72 | £ lal & | 2 
~» 18 | 3 |B/s5| 3] SIE | 3 /Bls| Sle] s] els 
=< 7 = = * tx, o x 7 = ee ‘o fy ro i a 
De- 
grees Ft Ft.| Ft.| Pet Pet P Fr Ft.| Ft.| Pet Pet Pet Pet 
Black paint Silver R. C. type A 30 6 70 35 | 48 RS 17 0 | 92 6 80 | 30 49 17 67 16 0 56 
Do White R. C. type A 10 16 7 35 | 52 iW) i) 0 | 75 8 60 0 | 24 13 25 12 50 42 
Do do 30° (20 75 | 30 | 52 7) { 5 | 74 12 75 0 | 38 17 4] 25 17 aw) 
Do do 45 | 14 60) 25 4] 0 64 sf 44 14 4() 0} 15 7 14 22 57 36 
Do White R. C. type C 30 6 60 0) 43 0 53 17 72 6 30) 0 7 0 17 17 66 31 
GROUP 2—LETTERS OF MATERIAL HAVING A REFLECTORIZED COATING 
Silver R. C. type A Black White paint 10 6 75 | 40 | 57 3 67 0 | 66 6 4() 0 | 18 0 0 50 AO 20 
0 do do 30 6 75 30 17 67 a3 0 4 6 70 30 47 17 5O 33 0 53 
Do do Yellow paint 30 6 70 | 40 | 49 67 3 0) | 84 6 60 | 0} 35 50 17 17 1668 
White R. C. type A do White paint 30 6 70 300) 46 67 3 0 | 84 6 60 | 25 | 39 34 33 33 0 62 
GROUP 3.—LETTERS REFLECTORIZED WITH GLASS BUTTONS 
Buttons on black paint White paint 30 6 75) (40 3 &3 17 0 92 6 10) 0 | 26 0 0 67 33 31 
Do Yellow paint 30 6 100 10 64 RY 17 0 | 92 6 80 0] 51 17 5O 17 16 52 
Juttons on white paint Black White paint 10 14 100 | 40 71 79 21 0 90) 14 110 0 | 66 13 36 14 7 68 
Do do do 30 14 100) BO 71 43 7 0 96 6 100 0 630. «(71 RS 17 0 0 92 
Do do Yellow paint 30 6 G0) 4() 7 100 0 0 100 6 75 0 4] 17 50 17 16 52 
GROUP 4.—EXTERIOR-ILLUMINATED SIGNS 
Black paint White paint 10 | 16 75 | 20 | 46 12 56 2) 51 S 60 | 15 | 47 12 63 25 0 52 
Do do 30 s 75 | 20)! 51 DF 63 12 | 60 
Do Yellow paint iD S 80 630) 51 25 a8 7 | 56 & 00 | 30) 59 25 63 12 0 61 
GROUP 5.—INTERIOR-ILLUMINATED SIGNS 
Opal glass Black paint 10 16 IO 70 116 100 0 0 100 s 180) BO 108 100 0 0 0 100 
GROUP 6 REFLECTORIZED CROSSROAD SYMBOLS 
Silver R. C. type A None 10 | 14 110 40 | 75 SA 14 ( 93 14 100 | 50) 78 71 29 0 0 86 
Do do 30 s 100 10) ay RS 12 0 4 
Buttons on white paint : do 10 S 110 65 74 76 2 ( SS S 100) «600, 79 SS 12 )) 0 4 
Do do 30 14 120 at 4 100 0 0 (100 6 110 | 55 | 8] 67 33 0 0 4 
Obtained by adding all of the percentage rated *‘good,”’ one-half the percentage rated ‘‘fair,’’ one-third the percentage rated “poor,”’ and one-fourth the percentage rated 
seen” 


of a white sign with a black panel and reflector buttons 
in white letters was about 70 feet. Better legibility 
was obtained, especially, for the 4-lane highway con- 
dition, when the sign was mounted at an angle of 30° 
than at an angle of 10° toward the roadway from a 
line perpendicular to the centerline. The legibility 
stance when the sign was mounted at 30° was never 
ss than 40 feet for the 2-lane highway condition and 
it less than 30 feet for the 4-lane highway condition. 
5. The legibility of signs made with materials 
Ving refleetorized coatings was better, especially 
ider 4-lane conditions, when the signs were placed at 
toward the roadway from a line perpendicular 
the centerline than when placed at either 10° or 45 
iere was little difference between 10° and 30° for the 
ane condition. With the same type of material, 
results were about the same whether the back- 
und or letters were reflectorized. However the 
iterials used had a marked effect on legibility. Re- 
ctorized signs with the silver colored type A material 
re legible from an average distance of about 50 feet 
ler either the 2- or 4-lane condition. To a few 
servers, some signs with reflectorized coatings were 
t legible from a distance of more than 30 feet for a 


< 


2-lane highway and except for the one material, were 
not legible to the majority of observers when placed 22 
feet from the center of the roadway. 


HEADLIGHT BEAM CHARACTERISTICS DISCUSSED 


One of the most noticeable factors influencing the 
legibility distances of the various refleetorized signs 
was the variation in the height of the headlight beam 
at any distance from the car. Even though the surface 
was exceptionally smooth, the light beam was con- 
tinually varying in height especially at the greater 
distances from the car. Even a slight acceleration or 
deceleration caused a considerable variation; in fact, 
enough so that it was more desirable to accelerate 
immediately after a sign was noticed than to decelerate 
(without applying brakes) in order to read the sign. 

The vertical motion of the headlight beam was one 
of the primary reasons for greater legibility distance 
for the symbols and signs reflectorized with glass 
buttons as compared to the signs having reflectorized 
coatings. No sign or symbol was visible until illu- 
minated by the light beam. However, the symbols 
could be identified and the legends on the signs reflee- 
torized with buttons read with only intermittent 














Brackour Hrap Lamp BEAM ON 


SURFACI 


PATTERN OF 
VERTICAI 


Fiaure 10. 


illumination, while the signs with reflectorized coatings 
were not legible until the vehicle was at least close 
enough to throw a continuous beam of light on the 
legend. 

The effect of sign placement, including angularity, 
height above the road surface, and distance from the 
centerline of the roadway, and the effect of the type 
of reflecting materials on the legibility distance, can 
best be explained by a study of the headlight beam 
characteristics. 

Figure 10 shows a blackout headlamp pattern on a 
vertical surface. It may be noticed that the top of the 
area has a very sharp cut-off and that the area just 
below the top and near the center is brighter than other 
portions of the pattern. At a distance of 10 feet from 
the lamp, the bright area is about 5 feet wide while the 
entire illuminated area is about 12 feet wide. Vertically, 
the illuminated area does not vary in intensity to any 
marked degree until about 5 inches below the top cut- 
off, then the intensity decreases until the illuminated 
area fades out 30 inches below the top cut-off. There 
was some variation in the illuminated areas for individ- 
ual lights used during the road tests but the major 
difference was that the top of the illuminated area 
outside the bright area cueved sharply downward in 
some cases and remained nearly horizontal in others. 
With the headlight adjusted so that the visual cut-off 
slopes down at the rate of 2's inches in 10 feet (the 
lowest rate found to be practical in preventing the 
beam from shining above the vertical when the cars 
were traveling along a smooth, level road), the theoret- 
ical height of the beam at various distances ahead of a 
vehicle was as follows: 


Distance from Tleight of beam ahove 


rehicle, feet road surface, inches 
0 14 
20 39 
10 34 
60 29 
SO 24 
100 19 
120 14 
140 +] 
160 1 
176 0 


Actually, however, as a vehicle traveled over a level 
highway, the beam varied in height. The variation 
was enough to cause intermittent illumination of the 
top of a sign legend 21 inches above the roadway at 
distances exceeding 120 feet, and usually the legend 
was not continuously illuminated until the vehicle was 
within 70 feet of the sign. 

The bottom of the high-intensity area of the light 
beam hit the road surface about 60 feet ahead of the 
vehicle while the bottom of the beam fell about 15 
feet ahead of the vehicle. The high-intensity are: 
increased in width 5 feet every 10 feet from the vehicle 
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and the entire illuminated area ‘nereased in’ widt 
about 12 feet every 10 feet. However, the maximu 

widths of both were limited by the curvature of the to 

of the beam. Signs for blackout purposes shoul 

therefore be mounted as low and as close laterally + 

the pavement edge as practicable. Unless the legen 

of a reflectorized sign is within 18 inches of the elev: 

tion of the crown of the roadway, the sign will be « 

little value and practically worthless if above 24 inche 

A difference of 6 inches in the mounting height wi 

usually make a difference of about 24 feet in the leg: 
bility distance of the best reflectorized signs. 

It is also important when reflectorized signs are use 
that the head lamp be properly mounted on the vehicl 
and that the signs be turned at an angle toward th 
road. The following are a few factors governing the 
intensity of the light reflected back to the driver of 
vehicle: 

1. The amount of light falling on the sign and thi 
distance the driver is from the sign. 

2. The particular characteristics of 
material. 

3. The angle between a line perpendicular to the face 
of the sign and a line from the head lamp to the sign 
(entrance or incidence angle). 

4. The angle between the driver’s line of sight to 
the sign and a line from the head lamp to the sign 
(divergence angle). 


the refleeting 


HEAD LAMP SHOULD BE MOUNTED NEAR DRIVER'S LINE OF SIGHT 


Since the beam from the black out head lamp is very 
narrow, the amount of light talling on a sign will vary 
greatly with the distance to the sign from the head lamp 
and with its vertical and horizontal position along the 
roadway. 

Although the characteristics of reflecting materials 
vary greatly, the intensity of the reflected light for any 
particular material generally decreases as both the 
entrance angle and divergence angles increase. Table 
7 shows how these two angles vary for two different 
headlight mounting positions and a number of roadway 
conditions. For condition A the headlight is mounted 
as on the vehicles used for the road tests while for condi- 
tion B an assumed mounting position is used. For 
both conditions the driver’s eyes were 54 inches above 


TABLE 7 
road on 


Effect of head lamp mounting location and width 

mounting angles and materials used for reflectorized 
Signs 

ANGLE SIGNS MUST BE PLACED TO BE PERPENDICULAR TO HEAD 

LAMP BEAM (ZERO ENTRANCE ANGLE 


Sign 12 feet from 
centerline of road- 


sign 22 feet 


centerline oft 


way way 
Distance from vehicle, feet 
| 
Condi- Condi- Condi- Cor 
tion A tion B? | tion A tior 
100 5 06 5 43 10 43 
nh) 10 07 1!) 19 20 «44 él 5 
+) 32 14 
20 24 02 26 «(34 


ANGLE BETWEEN LINE FROM DRIVER’S EYES TO SIGN AND I 
FROM HEAD LAMP TO SIGN (DIVERGENCE ANGLE 


100 24 1 038 0 47 » 
AO 1 05 2 2 2 12 t 
0) 01 

20) lf 8 Ol 


! Head lamp mounted 44 inche 
vehicle 

2? Head lamp mounted 36 inches aboy 
vehicle. 


ibove roadway and 11 inches to left of center 


e roadway and 24 inches to left of center 
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DIVERGENCE ANGLE OF 2°-—%0'! 
SILVER SILVER GLASS PLASTIC GLASS SILVER SILVER WHIT SILVER WHITE PLAIN SILVER GLASS 
cc. R.C. REFLECTOR REFLECTOR REFLECTOR RG. N.C. Rates Rete RG. PAINT Roe. REFLECTOR 
TYPE A TYPE A BUTTONS BUTTONS BUTTONS TYPE & TYPE A TYPE A TYPE A TYPE C TYPE A BUTTONS 
YELLOW WHITE WHITE YELLOW WHITE 
RS. ae ae Ree A le 
TYPE: © TYRES Trree.-¢ TYPE C TYPre € 
ON HALF ON HALF ON HALF 
OF SIGN OF SIGN OF SIGN 


DIVERGENCE ANGLE ON VISIBILITY 
BY Biackour Heap Lamp. 


Figure 11.—EFrrecr ot 


the pavement surface, 16 inches to the left of the center- 
line of the vehicle, and 7.5 feet behind the head lamp. 
The centerline of the vehicle was assumed to be 4 feet 
to the right of the center of the roadway (under black- 
out conditions, regardless of the width of the roadway, 
drivers try to keep just to the right of the centerline 
marking). 

Values are shown for the 2-lane highway condition 
with the sign 100, 50, and 20 feet ahead of the vehicle 
and for the 4-lane condition with the sign 100, 50, and 
30 feet ahead of the vehicle (10-foot lanes are assumed 
with the sign 2 feet beyond the edge). One hundred 
feet represents the maximum distance ahead of a vehicle 
that the headlight can be expected to illuminate a sign 
while 50 feet represents the minimum distance that a 
sign for use during black outs should be legible. The 
minimum distances at which enough light will fall on a 
sign to make it legible are 20 and 30 feet on 2- and 4- 
lane roadways, respectively. 

Considering that there is a relatively small decrease 
in the brilliance of most reflectorized materials or glass 
reflecting buttons as the entrance angle increases from 
(° to 10° as compared to the decrease in brilliance with 
.sumilar change at greater angles, it appears from table 

and the results shown in table 6 that reflectorized 

ens should be mounted at about 15° with a line per- 
ndicular to the centerline on a 2-lane roadway and at 

‘on a 4-lane roadway. 

Compared to the entrance angle, the divergence angle 

much more critical. To be effective for use on signs 

vlass reflecting button or reflectorized material must 
highly retrodirective, that is, it must return the light 
approximately the same direction as the source of 

ht. It is therefore common for the brilliance of a 

‘leetine button to decrease more than 50 percent 

en the divergence angle increases from 1° to 2 

© fig. 11). 

Che importance of mounting the black out head lamp 

near the driver’s line of sight as possible is illustrated 





AND LEGIBILITY 
(Same Exposure TIMI 


OF REFLECTORIZED SIGNS 


USED IN ALL PICTURES.) 


AND SYMBOLS ILLUMINATED 


by the divergence angles for the two conditions shown 
in table 7. At distances over 50 feet ahead of the 
vehicle, the difference in the divergence angle due to the 
head lamp mounting location was greater than the 
change in the divergence angle caused by placing the 
sign 10 feet farther from the roadway. The values 
shown on table 7 also indicate that for signs that must 
be legible at least 50 feet away the best reflecting but- 
tons or reflectorized materials are the ones that are most 
brilliant within entrance angles less than 10° and 
divergence angles in the neighborhood of 1° or 2°. 

The answers on the 43 questionnaires filled out by the 
drivers and observers after they had been over the test 
route indicate that the illuminated signs were not 
superior to good reflectorized signs and that there was a 
slight preference for the signs reflectorized with glass 
buttons as compared with those made with reflectorized 
materials. In reply to the question “Is a self-illumi- 
nated sign superior to a good reflectorized sign?” 
32 percent of the observers answered in the affirmative 
and 68 percent in the negative. To the question ‘Were 
the floodlighted signs adequate?’ 42 percent of the 
observers answered ‘‘yes” and 58 percent “no.” Fiftv- 
four percent preferred the reflecting button signs and 
16 percent the signs of materials with reflectorized 
coatings 

VISIBLE CENTERLINE MOST USEFUL MARKING IN BLACKOUTS 

Seventy-seven percent of the drivers and observers 
felt that a visible centerline was the most useful high- 
way marking during black out conditions. Table 8 
shows the distribution of the visibility and effective- 
ness ratings and comparative rating factors for the 
18 different types of center and edge lines studied. 
Most of the test route had an old centerline marking. 
To approach the “no line’ condition, shown as the first 
two items in table 8, the existing line was covered with 
a paint as nearly as possible the same color as the 
pavement surface, but this marking was evidently 
visible to a few of the drivers. 
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TABLE 8. Visibility or effective ness of centerline markings 


Type of line Distribution of Visibility 
; or effectiveness ratings 





- Num- 
Skv cond ber of Rat 
Length tion obser fac 
Plain or beaded Color Width | Solid or dashed vations Good Fair Poor 
Dashes Spaces 
Inches Feet Feet Percent Percent Perce 
Dark 5S +] y g9 
No line. Moor 1s 0 or 
| Tota 76 7 s Qs 
jDerx 10 0 60 10) 
Do? } Moor l 0 0 100 
| Tota 11 0 j 
Dark 1] 0 0 00 
Plain—Old line... White 1 | Solid }Moor { 0 0 10 
! l 0 0 100 
Dark 24 9] 9] =e 
Plain... Black { do Moor 1] 1S Is 64 
'] 
( ‘Total 35 20 20 il 
Dark 60 & 1" 39 
Do White { do Moor 27 11 0 89 
rota R7 9 - Q4 
Dark yA 35 Th) ~= 
Do.? do } do Moor 16 1Y do 
| Tota ia) 28 s 4 
Dark 50 14 16 =) 
Do do 6 do Moon 1s 6 17 — 
{ l i 68 12 lf 9 
ite 24 0 17 &3 
Do.2...... do 6 do Moot 9 0 i 14 . 
| I + 0) yr ‘j 
Dark 21 5 14 Tt 
Plain : : do 6 | Dashed %) 2) ‘ae s 13 oF 62 ( 
1 I 2U 4 1 - 
2 2] 2 F 
[a rk 22 73 Is ) 42 
Beaded ! do 3 | Solid } Moor 12 67 33 0 R 
I 34 71 23 2 
{Dark 1] y 45 t) 
Do.? do 3 | Dashed 10) 25 | Moor 1] af) Is 1 
| l 22 23 } 4] 
(l rk 1s 7 12 " 
Do do 4 | Solid | Moor 20) 7) 15 17 g 
| hs 74 1 
(* irk 5 x0) 7 ; 
Do? ; do 1 do M 7 100 ) 0 
| 
22 86 ) 40 
jp rk 4 53 23 24 
Do Yellow (no passing } do } Moor 22 50 Is 12 
I a 2 2 
{i < 62 
Deo Th { do M I 10 60 2) H” 
| 
I 61 2 ( 
Beaded edge lines only W hits { do Moor ! 73 1s 
6 
) 4 { 


Beaded center 
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Visibility or effectiveness of centerline markings 
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Continued 


Distribution of visibility | 
or effectiveness ratings 


Num- 
Sky condi ber of Rating 
Length tion obser- factor ! 
lai ‘ . y Solid ‘ vations) 7, Poi . 
Plain or beaded Color Width | Solid or dashed Good Fair Poor 
Dashes spaces 
Inches Feet Feet Percent Percent | Percent 
{Dark : 26 5S 23 19 70 
ia Mo 27 7 
Beaded White 1 | dashed —_ zs 3 : : 7 
| Total 37 60 24 16 72 
Dark 10 1() 40) 20 60 
‘ ) 5 yl » » a 
Do? do + do 1) 0 Moon . ov ed <0 0 
| Total 15 17 33 20 64 
Dark 22 63 23 4 75 
Do do } ao 10 0 Moon Y 67 33 0 x4 
(white black | 
Total 31 4 26 10 Va 


1 Obtained by adding all of the percentage rated ‘“‘good”’ to one-half the percentage rated “‘fair.’ 


2 On bituminous surface. Others on concrete surface. 

Based on the data in table 8 and answers on question 
naires filled out by the drivers and observers after 
completing a trip over the test course, the conclusions 
with respect to center and edge lines for blackout 
conditions may be summarized as follows: 

1. Visible centerlines are the most useful marking 
and are essential. 

2. Piain painted centerlines, not reflectorized, are 
of little value. Plain white centerlines, including those 
6 inches in width, could not be seen by many of the 
drivers. Out of 44 observers, 33 stated that the 
ordinary white centerline was inadequate. On a con- 
crete surface, a black centerline was rated as more 
effective than a plain white centerline. 

3. White continuous centerlines either 3 or 4 inches 
wide and reflectorized with glass beads are very effec- 
tive. Any greater width is unnecessary. 

4. Yellow reflectorized lines are not as visible as 
white reflectorized lines, although the difference is not 
great. 

5. Dashed centerlines are not as effective as contin- 
uous centerlines although they are adequate on tangent 
sections of highway (fig. 12). Out of 44 observers, 26 
stated that the continuous line was definitely better, 
13 stated that the continuous line was somewhat better, 
and 5 had no preference. When a dashed line is used, 
the dashes should be at least 10 feet long and the 
spaces not over 20 feet long. Although both designs 
require the same amount of paint, 10-foot dashes and 
spaces are preferable to 20-foot dashes and spaces, 
especially on curves. However, the remarks made by 
lie observers indicate that a solid centerline should be 
ised in place of a dashed centerline even on fairly flat 
( ves. 

6. Edge lines when used in conjunction with a center- 
e (fig. 12) are effective in helping to outline the road 
face but are unnecessary and may be confused 
wth lane lines. The comments of the 44 observers 


US. 


r carding the edge lines were as follows: 

Number of 

Comment observers 

( d if used with centerline 16 
( d aye : 1] 
(. fusing or dangerous___- ; 9 
€ (fusing or dangerous without centerline 2 
Se help to driving : 1 
l ecessary 2 
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Witru 
1-INCH 


WHITE CENTERLINE 
Spaces: Borrom, 
AND EpGe LINEs. 


4$-INCH BEADED 
Nd 20-Foor 
CENTERLINE 


FicgurRE 12.—Top, 
20-Footr DasHEs 
BEADED Wuirt! 


A few drivers did mistake the 2-lane pavement with 
edge lines for a 3- or 4-lane pavement and drove off 
the paved surface. However, at some locations, such 
as short access roads that are narrow and have poor 
alinement, the use of edge lines in addition to a center 
line is desirable. Most drivers exceeded a speed of 20 
miles per hour while on the sections with edge lines. 
Some believed edge lines would make it possible to 
travel at speeds up to at least 30 miles per hour with 
the blackout head lamp. 

With the exception of the 6-inch line, the visibility 
of the plain painted centerlines was lower when there 
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was some moonlight than when there was no moonlight, 
but moonlight increased the visibility of the beaded 
white centerlineés. However, in either case the differ- 
ence was slight. 

The need for certain transverse pavement markings 
is increased during blackout conditions. For example, 
at stop signs and traffic signals meeting blackout 
requirements some type of visible pavement marking 
is needed to indicate the point where the stop should 
be made. Under black-out conditions it is exceedingly 
difficult for a driver to estimate the distance to a light, 
and the curbs and other objects normally used to define 
or outline an intersection are not visible. Unless there 
is some special marking to indicate an intersection, a 
driver may pass through the intersection without being 
aware of it. When transverse pavement lines such as 
stop lines are used, they generally require special treat- 
ment in addition to reflectorization or they will not be 
effective. 

Table 9 shows the rating factors for a number of 
different transverse pavement markings, some being 
designs that as yet have not been used extensively for 
normal conditions. Since it was not possible to place 
all the transverse markings at similar locations, the 
rating factor for a particular marking was influenced 
to some extent by the drivers’ speed when the marking 
was noticed and also affected to some extent by other 
pavement markings or signs at the intersection. 

TABLE 9.— Visibility of painted crosswalk and special limit lines 


j 
| 
Distribution of visibility 


N - . 

or and effectiveness ratings | Rat- 

Color Width Kind ee of ob- a 

serva- con 

tions Good Fair Poor or 

Inches Percent | Percent Percent 

Dark 15 25 sS 67 29 
White 8 Plain Moon 6 50 0 50 50 
| Potal | 31 6 63 34 
be 15 33 17 50 42 
Do 12 ie Moor ( 10) A) 10 5O 
| I i 21 36 Is 16} 1 
Loe 30 Sf 14 0 3 
Do g Beaded Moor 12 100 0 0 100 
| Pota 42 8Y 11 0 i) 
Dark 30 75 25 0 SS 
ay 28 i oo! 12 100 0 0 100 
| Pota 42 Nt 14 0 93 
Dark 30 64 36 0 x2 
Do 2s Plain } Moon 12 S3 17 0 92 
Total 12 71 24 0 SH 
Dark 15 82 Is i «@ 91 
Do 23! Beaded Moon 6 100 0 0 100 
lotal 21 87 13 0 O4 
Dark 15 70 30 0 85 
Do 12 do } Moon 6 100 0 0 100 
| rotal 21 75 25 0 SS 
Dark 15 70 30 0 85 
Do 88 do Moon 6 100 0 0 100 


90 


! Obtained by adding all of the percentags 
rated ‘‘fair.’’ 

? With beaded limit line 24 inches wide placed 4 feet in advance of crosswalk line 

§ With 4-inch beaded lines 5 feet long spaced 24 inches apart perpendicular to cross- 
walk line on the side of approaching traffic to form a “comb” effect. 

* Special design of limit line consisting of a continuous V design, the open end of 
each V being 3 feet wide and the height being 4 feet. One end of the design was 
bordered by the 8-inch crosswalk line and the other end by a similar 8-inch white 
beaded line. ; 

§ With 4-inch beaded limit line having perpendicular beaded lines toward approach- 
ing traffic 5 feet long spaced 24 inches apart to form a ‘‘comb” effect and placed 4 feet 
in advance of crosswalk line 


rated ‘‘good”’ to one-half the percentage 
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LINES HAVING “COMB” DESIGN FOUND MOST EFFECTIVE TRANS 
VERSE MARKING 


Considering the particular locations where thes 
transverse markings were placed, the design wit! 
4-inch lines 5 feet long spaced 2 feet center-to-cent« 
and placed perpendicular to a transverse line on the sid: 
of approaching traffic to give a “‘comb” effect (fig. 13 
was the most effective transverse marking. Where it is 
necessary that the pavement marking be visible fo: 
50 feet such as at wide, important intersections wher 
there is 2 stop light, this design should be used. Increas 
ing the length of the perpendicular bars will, to som: 
extent, increase the visibility distance. 

At the intersection of 2-lane highways where there is « 
blackout traffic signal or at any intersection where 
there is a stop sign visible for 50 feet or more, an 8-inch 
beaded line is sufficiently visible to indicate the stopping 
point since in either case the driver will have decreased 
his speed below 20 miles per hour before reaching the 
line. An 8-inch beaded line is also sufficiently visible 
for identifying intersections where there is apt to be 
little or no cross traffic. 

Painting the curbs is another means of indicating to a 
driver that he is at an intersection and is of material 
assistance to the driver when making a turn but does 
not provide an advance warning so that a stop can be 
made before entering the intersection. Since the 
vertical faces of curbs are low, they are illuminated at 
greater distances than other surfaces and therefore are 
the most effective location for markings. Curbs in the 
direct line of traffic whether at intersections or around 
hazardous objects should be marked. 

Table 10 shows the visibility ratings for the painted 
and reflectorized curbs along the test route. None of 
the observers noticed curbs at one intersection that had 
been painted yellow. The rating factor for the plain 
white curbs is nearly as high as that for the beaded 
curbs but is misleading since the rating factors in this 
table are based only on the adjective ratings given by 
the observers that noticed the painted curbs. Only 67 
percent of the observers noticed the plain white curbs 
while all observers noticed the beaded curbs. If an 
adjective rating of ‘‘poor’’ were assumed each time the 
plain white curb was not seen, the rating factor would be 


TABLE 10.— Visibility of painted curbs at intersections 
Num- Distribution of 
es ber of visibility ratings rat 
Color Kind Ky obser- es A R t 
condition fac 
va- 
tions Good Fair Poor 
Per- Per- Per- 
cent cent cent 
Dark 45 57 29 14 v2 
White Plain Moon ” - ‘ — * “6 se 
Total 63 65 20 15 
Yellow do Dark s 0 0 100 0 
Dark 15 71 29 0 
White Beaded Moon - 6 m 50 50 0 
Total 21 67 33 0 j 
Dark 45 69 31 0 
White & black do Moon _B| ui 
Total 63 69 26 2 
Dark 30 91 9 0 } 
Do. (straight do Moon 12 100 0 ’ 
curb at T- a ’ aa mina 
intersection rotal 42 94 6 0 
1 Obtained by adding all of the percentage rated “Good” to one-half the perce 8 


rated ‘‘ Fair.’ 
2 None of the 8 observers saw this marking 
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LEFT, CENTERLINE, PARKING STALLS, AND ‘‘ComMB’”’ DESIGN 


AT CrosswaLk; RiGut, PAVEMENT AND CURB MARKINGS AT |-INTERSECTION. 


reduced from 75 to 40. The white curbs were, there- 
fore, less than half as effective as the beaded curbs. 


The white beaded curbs with plain black vertical stripes | 


were no more effective than the white beaded curbs. 

At the railroad crossing within the limits of Hebron 
the standard railroad crossing marking was painted on 
the pavement surface with plain white paint for half 
the roadway width and with reflectorized paint for the 
other half. The comb design was also employed to 
emphasize the approach lines parallel with the tracks on 
the side that was reflectorized (see fig. 3). The 
reflectorized markings were rated as about 60 percent 
more effective than those made using plain white paint 
(table 11). 

Parking stall lines if visible may be effective in 
helping prevent emergency vehicles trom hitting parked 
cars especially when there are cars near the middle of 
a block but none near the intersections. However, 
their use for this purpose is very limited since, when the 
sialls are filled, the transverse lines will not be visible. 
Plain painted stalls were practically useless (table 10) 
unless the marking included a longitudinal line parallel 
with the curb (fig. 13) and even then they were only 
about half as effective as the beaded markings. 

To warn a driver of the approach to an intersection 
on a 2-lane road an additional line may be placed along- 
side the centerline for 100 feet in advance of the inter- 
section or when a dashed centerline is used it may be 
made continuous for 100 feet in advance of the inter- 
section. Such markings are very effective (table 11). 
On 4-lane roads with a double centerline marking, the 
same principle may be applied by the use of an addi- 


tions! line near the centerline and by making lane 
lines solid instead of dashed. Double lines should 
neve’ be used for lane lines since with the blackout 
light sich a Jane line on the left side of the lane may be 
mist. en for the centerline marking. 

Tl. only words marked on the pavement were located 
Whe: the test drivers had reduced their speed in com- 
Plian» with a good reflectorized or illuminated sign. 


Att! se locations, both beaded and plain painted words 


Were airly effective. Where vehicle speeds are not 
redu 
hot effective. Their use is therefore very limited. 





TWO TYPES OF ROAD-EDGE DELINEATORS TESTED 

A traffic signal equipped with a 27-volt transformer 
was in operation during 2 of the 3 nights when the tests 
were made. It was very effective and probably more 
noticeable than are lights under normal conditions 
operating on 110 volts. 

Some type of road-edge delineation is desirable at 
curves on unpaved roadways where the centerline can- 
not be marked, and necessary at sharp curves even 
though the centerline of the roadway is marked. The 
beam of the blackout lamp is so limited that practically 
no light falls on the centerline at sharp curves especially 
when the vehicle is on the outside of the curve. Two 
types of markers suitable for use as delineators were 


tested. One was constructed by wrapping 3-inch 
boards for 42 inches with a reflectorized material 


(fig. 14-A) and the other consisted of three sets of 
three plastic reflecting buttons mounted 1 foot apart 
on a 3-inch board. When these markers were installed 
in a vertical position 5 feet outside the pavement edge, 
the reflectorized material extended from 6 to 36 inches 
above the pavement elevation and the centers of the 
three sets of reflecting buttons were at 12, 24, and 36 
inches above the pavement. 

The outside of four horizontal curves and the tan- 
gents for about 80 feet in advance of and beyond the 
curves were delineated using the markers with reflecting 
buttons. The spacing was 40 feet on two curves, 20 
feet on one curve, and 80 feet on the other curve during 
the first night that the drivers’ reactions were recorded. 
Bidirectional units were used on one curve. On the 
second night, alternate markers on each curve were 
removed so that results for two different spacings would 
be obtained for the same curve. The markers with 
reflectorized material were placed individually along 
the route. 

Conclusive data as to the most desirable spacing on 
curves were not obtained. However, three deline- 
ators were visible at all times only when spaced 40 
feet on the more gradual curves (3° to 5°) and 20 
teet on the one sharp curve (about 12°). The sets 
of buttons mounted 36 inches above the pavement were 


| below 20 miles per hour, words probably will | rarely visible, the sets 24 inches above the pavement 
were visible about half the time, and those at a height 
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TABLE 11.— Visibility and effectiveness of various white urban pavement markings and blackout traffic signal 
RAILROAD GRADE CROSSING MARKINGS 
Distribution of visibility and 
Number effectiveness ratings Ratir 
Legend or marking Kind Width of line Sky condition of obser- oie 
vations — 
Good Fair Poor 
Percent | Percent | Percent 
Inches Dark 15 vas woes saad 
Railroad crossbuck Plain Standard ° Moon : = ‘ bas me - 
| Total 21 33 45 22 
Dark 15 100 0 0 
Do. Beaded die Moon 6 100 0 4 0 ; 
| Total 21 100 0 0 
fen 15 50 $2 8 
Lines parallel to and 10 feet from tracks do 12 Moon s dl Se v 
| Total 21 44 1) ( } 
Dark 15 100 0 0 K) 
Do. do 12 Moon 6 100 0 0 r 
| Total 21 100 0 0 0 
WHITE PAINTED PARKING STALL LINES 
Dark 15 0 0 100 0 
7-foot transverse lines Plain { Moon ° ” v ov ’ 
| Total 21 12 0 RS 2 
Dark 15 80 2 0 x 
Do Beaded e- Moon 6 0 100 0 0 
| Total 21 67 33 0 M 
Dark 15 40 0 60 10) 
7-foot transverse lines with longitudinal Plain ' Moon . sed 33 34 v 
ume. | -rotal 21 38 12 50 14 
Dark 15 86 0 14 86 
Do Beaded 4 Moon 6 aces W) —_— bs 20 nN) 
| lotal 21 78 0 22 78 
WHITE PAINTED LANE LINES EXTENDING 100 FEET BACK FROM INTERSECTIONS 
Dark 15 &S 12 0 
Beaded. 1 ; Moon . _ & * ° 3 
| rotal 21 83 17 0 2 
WHITE PAINTED WORDS ON PAVEMEN' 
Dark l 57 29 14 72 
Stop Plain Moon ‘ s ; : _ : “ 
| Potal 21 44 45 11 67 
Slow 2 Beaded Dark 16 50 50 0 7 
BLACKOUT TRAFFIC SIGNAL 
Dark 7 100 0 0 a 
Moon 6 100 0 0 00 
| Total 13 100 0 0 0) 
Obtained by adding all of the percentage rated ‘‘good”’ to one-l alf the percentage rated “‘fair 
2 With 5-foot letters. Crossbuck 20 feet long and § feet wide. 
As given in Manual on Uniform Traffic Control Devices for Streets and Highways, by the A. A. S. H. O 
4 With 4-inch beaded lines ! g and 24 inches center to center perpendicular to line parallel] to tracks on approach side to form a “‘comb”’ effect 
of 12 inches were visible all the time when they were The rating factor for the units wrapped with mat. rial 
within the light beam and not more than 120 feet | having a reflectorized coating was not as high as fo. the 
ahead of the vehicle. When one set of three reflecting | units with plastic reflecting buttons (table 12) m: nly 
units is used on delineators, the set should be within | because they were at individual locations and ere 
>» 3 q 4 P | » . . 
18 inches of the elevation of the road surface. How- | approached unexpectedly. To be effective enouy : to 
ever, one reflecting button at 12 inches, one at 18 inches, | warrant their installation as delineators, the reflect ed 
and one at 24 inches would probably be more effective | surface facing traffic should be at least 2 inches «ide 
especially on curves with considerable superelevation | the 


| and 24 inches high with the bottom as close 


or where there also is a vertical curve. Continued on page 135) 








VOLCANIC CINDERS SUITABLE FOR USE IN 
BASE COURSE CONSTRUCTION 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by EDWARD A. WILLIS, Associate Highway Engineer, HENRY AARON, Associate Highway Engineer, and RICHARD C. LINDBERG, Junior 


OLCANIC CINDERS 

have been used for 
many years in the con- 
struction and maintenance 
of local earth roads in the 
southwestern United 
States. More recently 
this material has been 
utilized in the construction 
of road surfaces, base 
courses, and subbases on 
State highway systems. 
Since it is available in prac- 
tically unlimited quan- 
tities In certain areas, its 
utilization in road building 
has considerable cconomic 
importance. 

This report describes (1) 
a survey made by the 
Division of Tests in 1939 
in cooperation with the 
Arizona State Highway 
Department and the 
Phoenix office of the Public 
Roads Administration to 
obtain information on the 
service behavior of roads 
constructed with voleanic 


Highway Engineer 





Volcanic cinders, a fragmental ash deposited as a 
result of volcanic eruptions, has been used for many 
years in constructing and maintaining local earth 
roads. Recently it has been used in the construction 
of road surfaces, base courses, and subbases on State 
highway systems. 

A survey was recently made to obtain information on 
the service behavior of volcanic cinder roads in Arizona 
and to correlate the road condition with the physical 
characteristics of the cinders as determined by labor- 
atory tests. Laboratory and circular track tests were 
made on cinders from five sources in Arizona and on 
‘*tufa’’ gravel. 

The results of these studies disclose that volcanic 
cinders will prove satisfactory for use as base courses 
for thin bituminous surface treatments if they meet, 
with certain modifications, the requirements of A.A. 
S.H.O. specification M-—56-38 for type C stabilized 
base-course materials. Even though the most satis- 
factory cinders are nonplastic, adequate compaction and 
density of base courses can be obtained by the judicious 
use of water during rolling. 

‘*Tufa’’ gravel was not satisfactory as a base course 
because of an excess of fine-size material. ‘‘Tufa’’ 
gravel with a coarser gradation would probably serve 
satisfactorily as a base material. The investigation 
provided a direct correlation between circular track 
tests and field service behavior. It established the 
fact that suitable base-course materials will withstand 
concentrated traffic in the circular track with water 
214 inches above the top of the subbase but that water 
414 inches above the top of the subbase provides a 
condition more severe than can reasonably be expected 
under normal service conditions. 


material, both undisturbed 
and dislodged, is shown in 
figures 1—-C and 1-D. 

The cinders vary con- 
siderably in color, both in 
the same deposit and in 
different deposits.  Vari- 
ous shades of yellow, red, 
purple, and black are en- 
countered. They all have 
practically the same gran- 
ular texture, honeycomb 
structure and, unless 
mixed with clay, they are 
nonplastic. Small 
amounts of a caleareous 
material, known locally as 
caliche, are often present. 

The deposits are gener- 
ally covered with from 4 
to 10 feet of overburden 
consisting of a friable, 
grayish silty soil contain- 
ing rock fragments and 
calcareous material or a 
brownish red to red plastic 
clay in the upper part and 
red clay mixed with par- 


cinders and to correlate 
the road condition with 





tially decomposed cinders 
in the lower part passing 








the physical characteris- 

tics of the cinders as determined by laboratory tests, 
and (2) laboratory and circular track tests on cinders 
from five sources and a“‘tufa” gravel, all selected by 
engineers in the Public Roads administration office at 
Phoenix in collaboration with the materials department 
of the Arizona Highway Department. One of the 
cinder materials tested in the circular track was similar 
to that used in the construction of Federal-aid project 
No. 105-C, surveyed in 1939. This provided a direct 
correlation between the track tests and observed serv- 
ice performance. 

The cinders consist of a fragmental ash deposited 
in cone-shaped mounds or ridges as a result of volcanic 
eruptions. Figures 1-A and 1—-B show a number of 
cones and ridges in the vicinity of Flagstaff, 
Arizona. The fragments, ranging in size from fine sand 
grais to large boulders, have a honeycomb structure 
and cre relatively light in weight. The material occurs 
as a compact deposit in the undisturbed condition and 
the -\des of exeavations will stand vertically, but as 
8001) as it is dislodged it crumbles into a loose mass 
Whic. is difficult to recompact. The character of the 


suc} 


gradually into the un- 
weathered cinders. 


CONDITION SURVEY MADE OF ROADS IN SERVICE 


The condition survey was made during April 1939. 
Samples taken at that time were tested in the Public 
Roads laboratory. 

The roads covered in this survey are located in the 
vicinity of Showlow and Springerville in the east central 
part of the State and near Flagstaff in north central 
Arizona, They pass through areas of rolling topog- 
raphy at elevations exceeding 7,000 feet and are subject 
to heavy snowfall during the winter. . 

A total of about 83 miles of road were inspected, of 
which approximately 20 miles were of the bituminous 
surface-treated type and the remainder was untreated, 
The untreated surfaces were maintained in uniformly 
good condition as illustrated in figure 2-A. Since no 
variation in condition could be observed, no detailed 
studies were made of the untreated roads. 

Bituminous treatments were used on FAP 105-C and 
FAP 95-—J located, respectively, on US 60 west of 
Springerville and on US 89 north of Flagstaff. Fail- 
ures were observed on short sections of FAP 105-C. 
FAP 95—J was in good condition throughout its length. 
Both sections were constructed in 1937. 


ZS 
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Deposits IN ARIZONA. CINDE 


SHOWLOW (C), 


FiGurRE 1.—VoLcanic CINDER R 


The bituminous surface treatment consisted of from 
0.75 to 1.00 gallon of liquid asphalt (SC—2) applied to a 
previously sprinkled, rolled, and properly shaped sur- 
face. No cover material was spread unless the asphalt 
was not entirely absorbed. The loose material devel- 
oped in blading the road during the reshaping process 
was used for the cover material when required. The 
asphalt was placed in two applications, the first consist- 
ing of 0.5 gallon per square vard and the second varying 
from 0.25 to 0.50 gallon. The character of the surface 
obtained in this manner is illustrated in figures 2—B 
and 2-C, 

The base course referred to in the discussion of service 
performance is the layer of cinders on which the asphaltic 
surface treatment was applied. This layer was about 
5 inches thick on the two projects surveyed. The pene- 
tration of the bituminous material had formed a mat 
approximately 1 inch thick. Figure 3 shows a section 
through the mat and base course. 

The base course rested on a cinder sub-base consist- 
ing of pit run material designated “imported borrow.” 
The depth of this material was not uniform as it was 
varied during construction in accordance with the sub- 
grade soil encountered. In many instances, shallow 
fills from 2 to 3 feet high were composed entirely of 
cinders, 

Excellent drainage was provided in all cases. The 
cross-sections and grades were adequate to remove any 
surface water and there were no indications of subsur- 
face water. 


AnD W 
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The surveying and sampling consisted of (1) making | 


a condition survey of the bituminous surface, (2) meas- 
uring the thickness of the base and subbase, (3) 
examining the subgrade soils, and (4) obtaining sam- 
ples of the base course, sub-base, and subgrade from 
locations corresponding to the variations in road 
condition, 

Samples were obtained from the base and subbase 


| 
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ConrES NORTH OF FLAGSTAFF (A AND B); CINDER Pir East oF 
st OF FLAGSTAFF (D). 
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after removing the portion penetrated by bituminous 
material. In all cases care was taken not to include 
any subbase material with the base-course samples, 
and likewise not to include any subgrade with the 
subbase samples. 

The thickness of base and subbase was measured 
and the subgrade soil was examined at each sampling 
point. Each type of subgrade encountered was 
sampled. 

For convenience of analysis, the results of the con- 
dition survey and the mechanical analyses and physical 
tests performed on the base-course samples are sum- 
marized in table 1. The base thickness shown in this 
table includes the portion penetrated by the bituminous 
material, which amounted to approximately 1 inch. 
The characteristics of the subbase and subgrade material 
are shown by the test results given in tables 
respectively. 

Three variations in surface condition were encoun- 
tered. They have been designated (1) intact 
cracked and scaled, and (3) badly cracked and rutted. 
Figures 2—B and 2-C are views of the surface condition 
corresponding to the designation ‘intact.’ Cracked 


2 and 3, 


(2) 


and sealed surface is illustrated in figure 4—B and a 
badly cracked and rutted section is shown in {igure 
4—A. 

The similarity of the subbase cinders on both projects 
is illustrated in table 2. They were granular, non- 
plastic materials and, referring to table 1, it will be 
seen that they compare favorably in grading wi’! the 
base-course materials on which no failures occ irred. 
Table 1 also shows that the thickness of subba © was 
just as great or greater under the failed areas as inde? 
the intact areas. 

The subgrade soils were stony loams and andy 
loams containing calcareous material in various »! oun’ 
The results of tests shown in table 3 indicate t! it the 
soils had physical properties of both the A-2 a | A? 
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FiGURE 2.—VoLcanic CINDER Roaps. A, UNTREATED CINDER 
{oaD TypicaAL oF ALL Sucn Roaps INspectrep; B, Birumi- 
Nous TREATED CINDER Roap In Goop ConpiTion (FAP 
95-J); C, TexTuRE OF ROAD SURFACE SHOWN IN B. 


subgrade groups. The same type of subgrade was 
encountered under both the intact sections ond the 
locations where failures occurred. 

The base course was uniformly 5 inches thick except 
at the cracked and scaled location where base-course 
sample S-12653 was obtained. The 13 inches recorded 
at this point probably consisted of 5 inches of base 
course and 8 inches of subbase, but no difference in 
character of the material could be detected for the full 
depth. The subgrade at this location was the same as 
that where base-course sample S-12647 was taken and 
Where the total thickness of base and subbase equalled 
14 inches. 

The good condition of all but a few short sections 
indicated that the base-course thickness of 5 inches was 
adequate for the traffic carried on these projects pro- 
vided the base-course materials were satisfactory. 
Since the failed areas were interspersed between the 
tact sections, both the character and volume. of 
trath on the intact portions were the same as on the 
sections where cracking, sealing, and rutting occurred. 
The « verage daily traffic on the two projects as counted 
In 137 and 1940 is given in table 4. 


Ri } CONDITION RELATED TO GRADATION AND PHYSICAL 


PROPERTIES OF BASE COURSES 


results of the condition survey and laboratory 


lest) ummarized in table 1 indicate that the difference 
. ro | condition is directly related to the character of 
the 


ise-course materials. The base-course samples 
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FIGURE 3.—SectTion THrovuGH BITUMINOUS PENETRATION Mar 
AND BasE COURSE. 30TTOM OF ExXxcaAvaTION Is Top oF 
SUBBASE. 


taken from the locations where no failures occurred 
were nonplastic and had liquid limits not exceeding 30. 
In contrast, the samples from the failed sections had 
plasticity indexes of 7 and 14 and corresponding liquid 
limits of 33 and 37. 


TABLE 1.—Summary of results of condition survey and mechanical 


analysis and physical tests performed on base course samples 


F. A project No 105-C 105-C 105-C 105-C 105-C 


O5 J OF J 
Sample No S-12647 S-12650 S-12653 S-12654 S-12656, S-12657 S—12659 
’ : Badly 
Surface condition Intact Intact : racked cracked, Intact | Intact Intact 
scaled 
rutted 
Thickness 
Base inches 5 5 13 5 5 5 5 
Subbase do 9 14 0 215+ 0 218+ 11 
Grading 
Passing 11%4-inch 
sieve percent 100 100 100 100 100 100 100 
Passing 1l-inch sieve 
percent 06 100 97 100 100 QS 100 
Passing *4-inch sieve 
percent 82 93 94 99 ay 95 uy 
Passing 38-inch sie ve 
percent 70 s4 SH 90 91 v1 95 
Passing No. 4 sieve 
percent 61 74 66 76 73 aa &) 
Passing No. 10 sieve 
percent 53 2 57 5S 53 61 74 
Passing No. 40 sieve 
percent ‘5 sf) 47 5O 39 14 4 
Passing No. 200 sie ve 
percent IS 1Y 29 32 a | 2] 1S 
Analysis of material 
passing No 10 
sleve 
Sand, 2.0-0.25 milli 
meter percent 16 20 18 13 26 28 14 
Sand, 0.25-0.05 milli 
meter percent ay a) 37 $7 40) 4] 67 
Silt do 21 17 32 35 Qs 23 y 
Clay do 6 10 13 15 "6 s 10 
Colloids do 2 5 2 4 0 0 2 
Dust ratio 4 1() 38 62 64 M4 4X D4 
Tests on material pass 
ing No. 40 sieve 
Liquid limit 30) 30 33 37 29 4 20 
Plasticity index NP NP 7 14 5 NP NP NP 
Shrinkage limit 24 25 20 16 25 20 
Shrinkage ratio 1. ¢ ( 1.7 1.8 1.6 oe 
Centrifuge moisture 
equivalent 23 22 28 2s 19 19 10 
Field moisture 
equivalent 31 3] 31 ON 31 26 25 
Specifie gravity 2. 76 2.42 2. 73 2.72 2. 74 2.79 2. 87 
Subbase sample No S-12648 S-12651 S-12655 S-12658 S-12660 
Subgrade sample No S-12649 S-12652 S-12649 S-12661 


Base and subbase of same material 
2 Sampled on fill section. Entire fill composed of cinders 
sampled 
No subbase. Fill of coarse rock fragments and loamy soil similar to subgrade 
sample No. S-12652, table 3 


percentage passing No. 200 sieve], 
‘ st re »=100 = —— — a 
Dust ratic i percentage passing No. 40 sieve 


Figures indicate depth 


NP is used to denote nonplastic materials which do not have a plastic limit, in 
contrast to those which have a plastic limit equal to the liquid limit and therefore 
a plasticity index of zero 

® Refers to samples in table 2 
7 Refers to samples in table 

















FAP 


SECTION 


FAILED 


FiGuRE 4.—A, 


OF 105-C THAT Was 
Bapty CRACKED AND Rurrep; B, CRACKED AND SCALED 
Portion OF FAP 105-C 
Taste 2.—Results of mechanical analyses and physical tests 
performed on subbase samples 
F. A. project No 105-C 105-C 105-C 95-J 95-J 
Sample No. S-12648 S-12651 S-12655 S-12658 S-12660 
Grading: 
Passing 14-inch sieve __ percent 100 RS sO) 100 100 
Passing l-inch sieve do 9 xs 72 QS 100 
Passing *4-inch sieve do Q5 R6 68 07 09 
Passing 38-inch sieve do 86 84 5S 04 O4 
Passing No. 4 sieve do 70 74 17 &2 So 
Passing No. 10 sieve do 56 61 38 63 83 
Passing No. 40 sieve do 4() 43 31 49 71 
Passing No. 200 sieve do 14 16 s 21 14 
Analysis of material passing No. 10 
Sleve 
Sand, 2.0-0.25 millimeter pereent 29 29 19 23 { 
Sand, 0.25-0.05 millimeter do 53 19) 64 44 71 
Silt do 13 15 13 24 10 
Clay do 5 7 { j 5 
Colloids do 2 4 2 2 l 
Dust ratio! 5 37 26 13 20 
Tests on material passing No. 40 
Steve: 
Liquid limit 22 24 21 27 IS 
Plasticity index NP 2NI NP NP 2NP 
Shrinkage limit 23 24 
Shrinkage ratio 1.6 1.6 
Centrifuge moisture equivalent 10 16 7 IW Y 
Field moisture equivalent 31 3] 1 33 2s 
Specifie gravity ». 78 . 71 2. 78 2.7 2. 87 
D ' percentage p ng No. 200 sieve 
t ust ratio Oo . 
percentage p ng No, 40 sieve 
?NP is used to denote nonplastic materials which do not have a plastic limit, in 


contrast to those which have a ] 
plasticity index of zero 


With respect to gradation the samples from the 
failed areas had 29 and 32 percent passing the No. 200 
sieve as compared to a maximum of 21 for the samples 
from the locations where no failures occurred. No 
significant difference existed in the coarser fractions of 
the samples from the various locations. 

In general, the survey showed that there were cinders 
from widely separated sources eminently suitable for 
road construction and indicated that it would be possible 


tic limit equal to the liquid limit and therefore a 
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to select materials by means of the mechanical analys 

and plasticity tests. However, since there are man 

other types of cinders available which had not be 

used in road construction, it was considered advisab 

to conduct a series of tests on such materials in t! 

circular track with the particular purpose of determin - 
ing whether they were satisfactory for use as ba 

courses under a thin bituminous surface treatmen 

Accordingly, a sufficient quantity of cinders from each 
of five sources was procured. A quantity of material 
known locally as a ‘‘tufa’”? gravel with sand was also 
submitted and included in the tests. 

Results 


TABLE 3. mechanical 


of analyses and physical tests 
performed on subgrade samples 
F. A. project No 105-C 105—-C 95 
Sample No S-12649 | S-12652  S-12 
Grading: 
Passing 1}9-inch sieve percent 84 81 if 
Passing 1l-inch sieve do 81 79 0) 
Passing *4-inch sieve do 79 76 $7 
Passing 38-inch sieve do 75 68 { 
Passing No. 4 sieve do 69 63 39 
Passing No. 10 sieve do 63 57 3 
Passing No. 40 sieve do 60 49 30) 
Passing No. 200 sieve do 39 30 l 
Analysis of material passing No. 10 sieve 
Sand, 2.0-0.25 millimeter do 4 14 15 
Sand, 0.25-0.05 millimeter do 44 4] 53 
Silt do 33 25 24 
Clay do 19 2%) & 
Colloids do 5 6 4 
Dust ratio 65 61 47 
Tests on material passing No. 40 sieve 
Liquid limit : 44 42 
Plasticity index 1 12 3 
Shrinkage limit 21 22 2t 
Shrinkage ratio 1.7 1.6 1.¢ 
Centrifuge moisture equivalent 30 30 24 
Field moisture equivalent 33 36 34 
Specific gravity 2.7 2. 70 2. 7¢ 
. percentage passing No. 200 sieve 
Dust ratio= 100 : ; . 
percentage passing No. 40 sieve 
TaBLe 4.—Average daily traffic on Federal-aid projects 105-( 
and 95-J for the years 1937 and 1940 
Average daily traffic 
1937 1940 
Project No. 
Trucks rrucks 
Total and Total nd 
busses busses 
105-C 95 25 12! 3s 
95-J 210 35 474 64 
ri » 99 . _ 7 . 
“Tufa”’ gravel is a porous concretionary formation 0! 


calcium carbonate deposited frequently around springs. 


The material submitted, however, was not calcareous 
and is in reality a pumiceous tuff, a product of voicanie 
action and very similar to the cinders. Since it Is 
known locally as “tufa’” gravel that designation has 
been retained throughout this report. 

In each case, all material larger than 1 inc) was 
removed, crushed to pass a 1-inch sieve and recor: ined 
with the fraction passing the 1-inch sieve The 
identification and source of the six materials t din 
the track are shown in table 5. 

The circular track used in this investigation » 05 the 
same as that used in the studies of water-re ‘nitive 
chemicals as admixtures with nonplastic road-! '!ding 


materials which have been reported previous|, Ph 
Studies of Water-Retentive Chemicals with Nonplastie Road-Bu 
by E. A. Willisand C. A. Carpenter. PUBLIC ROADS, vol. 20, N 


1939 








Ovtober-November- December 1942 


TABLE 5.—I/dentification and source of materials tested in circular 
track 
reular 
rack Description and source 
‘tion 
No 
1 “Tufa’’ gravel with sand. From pit 0.5 mile right of station 48, FAP 
SI-B. 
2 Red cinders. From pit 1.0 mile right of station 235, F. H. 17-B2 
3. Black cinders. From pit 600 feet left of station 2695 south approach road 


to Grand Canyon National Park. 

4 Red cinders. From pit 600 feet right of station 881, FAP 89-D 

5 | Red cinders. From pit 1,500 feet right of station 1909, FAP 105-C rhis 
project inspected and surveyed in 1939. 

6 | Red cinders. From pit 2,200 feet right of station 431, F. H. 30-B 


tire equipment was size 305 of the high-pressure type, 
requiring an inflation pressure of 80 pounds per square 
inch. 

Distributed traffic, which was used for compacting 
the base course and the surface treatment, was obtained 
by gradually shifting the rotating beam longitudinally 
with respect to its axis of rotation. Concentrated 
traffic, which was used after the surface treatment had 
been constructed, was obtained by locking the sliding 
pivot of the beam in such a position that the wheels 
pursued two concentric courses whose centerlines were 
about 2's inches on either side of the centerline of the 
test sections. 

Each of the six sections tested in the track was 18 
inches wide, 6 inches deep, and approximately 6.3 feet 
long. All the sections were laid over a crushed stone 
subbase through which water introduced from below 
could pass. The grading and soil constants of the 6 
materials tested in the circular track are given in table 6. 


TABLE 6.— Grading and soil constants of materials tested in circular 


track 
Track section No 
| 2 4 t 
Sieve analysis of total sample 
Passing 1l-inch sieve percent 100 100 100 100 100 100 
Passing 34-inch sieve do 100 Oy 100 100 ie) Ys 
Passing 38-inch sieve do 100 oe) SY 06 Q5 7 
Passing No. 4 sieve do OS S5 fis S3 s] 7s 
Vassing No. 10 sieve do 92 S| 13 60 60 64 
Passing No. 40 sieve do 67 59 17 33 $4 34 
Passing No. 200 sieve do 4) 24 i) he) 19 12 
Dust ratio ! 60 41 53 5s Ati $1 
Analysis of material passing No. 10 sieve 
Sand, 2.0-0.25 millimeter percent 34 31 67 53 19 
Sand, 0,.25-0.05 millimeter do 30 40) \7 20 2b 3 
Silt do 28 Is 12 17 Is tt) 
Clay do sS 11 4 10 7 } 
( loids do l 2 l $ 2 
P} cal constants of material passing No 
)sieve 
Liquid limit 26 35 17 2% Is 22 
Plasticity index 2NP 2?NP |? NP |2NP }?}NP | ? NP 
Shrinkage limit 23 
Shrinkage ratio 1.6 
( trifuge moisture equivalent 14 Is 13 17 14 t 
hicld moisture equivalent 28 4() IS 27 24 29 
ific gravity 2.64 | 2.58 | 2.98 | 2.96 | 2.78 2. 80 


Percentage passing No. 200 sieve 
t ratio= 100 
Percentage passing No. 40° sieve 


Nonplastic. 


constructing the test sections sufficient water was 
miced with the dry material so that, when squeezed in 
th hand, a firm ball would be formed. Mixing was 
co inued to distribute the moisture thoroughly. The 
di pened materials were then placed in the track in 
(W approximately equal lavers. The bottom layer 
Wi first tamped into place with hand tamps and 
th compacted with 1,000 wheel-trips of distributed 
trooe. The top Javer was then placed and hand 
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tamped, and compaction with distributed traffic was 
continued until a total of 20,000 wheel-trips was com- 
pleted. 

The compacted base was made ready for a surface 
treatment by trimming the sections smooth and prim- 
ing with 0.3 gallon of light tar. After curing, the sur- 
face treatment was constructed. It consisted of 0.4 
gallon of hot bituminous material and a cover of 50 
pounds per square yard of *-inch maximum size stone. 
This surface treatment was consolidated by 20,000 
wheel-trips of distributed traffic. At the end of this 
period the surface was well sealed and showed no 
movement. 


DIFFICULTY EXPERIENCED IN COMPACTING SECTION 3 


The behavior of the materials was judged on the 
basis of the appearance of the sections at various stages 
of the test, supplemented by measurements of vertical] 
displacement of the surface. Previous reports have 
described the transverse* and longitudinal*® profilom- 
eters with which the measurements were made. 

The area between the initial and each succeeding 
transverse profile was measured by a planimeter. The 
measured area divided by the track width, 18 inches, 
gave the vertical displacement, and the average for the 
two stations on the section gave the average vertical 
displacement for that section. 

The area between the initial and each succeeding 
longitudinal profile made in that wheel lane was meas- 
ured for each section and the area of vertical displace- 
ment determined. That area divided by the length of 
the wheel lane gave the depth of rutting and the aver- 
age for the two wheel lanes gave the average depth of 
rutting for the section. 

Figure 5 shows changes in behavior of the various 
sections under altered test conditions. The abrupt 
changes in the slopes of the displacement curves coin- 
cide with the increased severity of test conditions 
brought about by changing from distributed to con- 
centrated traffic or by raising the ground-water level. 

The schedule of traffic applications with notations on 
the behavior of the six test sections is given in table 7. 
Initial profile measurements were made at 40,000 
wheel-trips. From 40,000 to 60,000 wheel-trips, the 
sections were subjected to distributed traffic, and the 
ordinates at 60,000 wheel-trips (fig. 5) represent dis- 
placements at the end of such traffic. At 60,000 wheel- 
trips, concentrated traffic was begun and continued to 
the end of the test. 

Section 1 was quite spongy during the early stages of 
compaction and material in the section tended to shove 
up onto the curbs. Light searifying and raking was 
hecessary to keep the section smooth. After 18,000 
wheel-trips, the material in section 1 began to knit 
together and by 20,000 wheel-trips it was firm and 
stable. 

Much difficulty was experienced in compacting sec- 
tion 3. The cinders placed in this section were mois- 
tened and subjected to the same treatment accorded all 
the other sections. It did not set up readily, however, 
and additional water was sprinkled on the surface in an 
effort to aid compaction. This was ineffectual. The 
upper portion of the section was so loose that traffic 
had to be applied at slow speed in order to prevent the 
material from being thrown out of the trough. Under 


Cireular Track 7 
ind J. F. Goode, Pt 


A Study of Sand- 


est n Low-Cost Bituminous Mixtures, by C. A. Carpenter 
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i iT Ml rials for Base-Course Construction, by C. A 
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hiagure 5. Rare or SURFACE DISPLACEMENT O} 
continued traflic and as the cinders in section 3 dried 
out, the material gradually consolidated. 

At 6,800 wheel-trips, it was possible to increase the 
speed of traffic to that normally used in testing. At 
this time the material had dried out a great deal, and 
compaction seemed to take place more rapidly. At 


12,700 wheel-trips, section 3 was in good condition 


and only a very light sprinkling was necessary from 
time to time during the remainder of the compaction 
period to keep the surface from dusting and loosening. 
Light sprinkling was necessary also on sections 1 and 5 
to prevent the surface from becoming loose. 


CIRCULAR TRACK Test $ 


ASECTION 2(FAILED) | 


CTIONS UNDER TRAFFIC. 


All other sections compacted readily under dis 
uted traffic with no water in the subbase 

The density of each track section was measure 
20,000 wheel-trips or just before the application o! 
surface treatment. The results of and 
determinations are shown in table 8. 

Water was admitted and the level raised to 
above the top of the subbase at 40,000 wheel-! 
The following 20,000 wheel-trips of distributed t 
under this condition did not develop any failures 
all sections were firm and stable. Profiles taken a 
end of this period showed that all sections had 


these 
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TaBLE 7.—Schedule of operations and behavior of test sections 
Water Behavior 
level 
Operation Traftie above 
top of Section No. 1 Section No. 2 Section No. 3 Section No. 4 Section No. 5 Section No. 6 
subbase 
Wheel-trips Inches 
Placing and compacting base 0-20, 000 10 | Good Good Good Good Good Good. 
Compacting treated surface 20, 000-40, 000 0 do do do do do Do 
Testing with distributed traffic 40, 000-60, 000 4 do do do do do Do. 
lesting with concentrated traffic 60, 000-110, 000 16, Slightly unstable Unstabk do do do Do 
Do : : 110, 000-160, 000 212, Became more un- Failed do Slightly unstable do Do. 
stable. 
Do 160, 000-210, 000 415 Unstable do Unstable Slightly unstable Do. 


No water in subbase 


gone further compaction. Sections 2 and 4 experi- 
enced the most compaction during this interval (see 
fig. 5). 


TABLE 8.— Comparison of moisture contents and densities obtained 
by laboratory compaction and in the track sections 


Moisture Density 
Section convent 
Method of compaction Kh based on Drv weight Solids 
weight of ee 
ary aeit per cubic by 
. foot volume 
Percent Lb. per cu. ft Percent 
l 13.2 103.8 63.0 
2 14.4 61.5 38. 2 
l'rack sections at end of initial com- 3 4.4 124.1 66.7 
paction period (40,000) wheel- 1 1] 85. 0 4.1 
trips 5 6.5 93.9 4. 1 
6 6. ¢ 497.9 56. 1 
l 16.8 108.0 H5. ¢ 
» a ‘ 
Track sections at time of failure P 2 ho ob ms 
(sec. 2, 160,000 wheel-trips) or at : ~ ry ade ee 
9 : 4 24.7 114. ¢ 62. 1 
end of test (210,000 wheel-trips : a 
1s, ] 32.3 3. 2 
t 14.9 94.) y 
] It 102 62. 2 
2 20.2 85.5 8. 1] 
Standard compaction test on frac 3 16.5 110.2 4. 4 
on passing No. 4 sieve 4 21.0 100. 0 04. 2 
5 21.0 101.8 a8. 5 
t 20. 4 YU Ss 7.1 


Kesults shown are the optimum moisture 


content and maximum density 
mined by the standard compaction test 


deter 

Testing with concentrated traffic was begun at 60,000 
Wheel-trips with the ground-water elevation remaining 
at ',inch. At 83,680 wheel-trips movement was noticed 
in sections 1 and 2. The remaining sections at this 
time were in excellent condition. At 110,000 wheel- 
trips, the conclusion of testing with ground water 3s inch 
above the top of the subbase, the surfacing in section 
2 had been ruptured in two places. At this time the 
surface of section 1 was in distress and rutting of the 
surface had begun. Profiles taken at 110,000 wheel- 
trips showed that sections 2, 4, and 1 had undergone 
the most displacement, in the order named. The rest 
of the sections exhibited negligible amounts of displace- 
ment between 60,000 and 110,000 wheel-trips as shown 
In igure 5. 

Water was raised to 2!. inches above the top of the 
subbase at 110,000 wheel-trips and testing with con- 
ce (rated traffic was resumed. At 120,000 wheel-trips, 
movement under the wheel loads was noticed in see- 
tio. 4. Increased rutting took place in sections 1 and 2. 
At he completion of 50,000 wheel-trips of concentrated 
tra lie at this ground-water elevation (making a total of 
160.000 wheel-trips) section 2 had failed. Profiles taken 
at his time showed that sections 1 and 4 had under- 
go. » much displacement during this period of the test. 
Fic ire 6 shows the condition of the sections at the 
collusion of 160,000 wheel-trips. 


SECTIONS 3 AND 6 REMAINED IN GOOD CONDITION THROUGHOUT 
SEVERE TEST 


Water was temporarily drained from the subbase at 
this time while samples were being taken from section 2 
for final density determinations. The results obtained 
are shown in table 8. In order to continue the testing 
of the five remaining sections, a bituminous cold patch 
material was used to level the surface of section 2. No 
profile measurements. were made on this section after 
160,000 wheel-trips. 

Testing was continued with the ground-water eleva- 
tion raised to 4!; inches above the top of the subbase. 
The severity of these test conditions soon caused sec- 
tions 1 and 4 to become very rough and unstable. At 
174,160 wheel-trips, section 4 had developed deep ruts 
and the surfacing had broken in one wheel rut, exposing 
the brownish-red voleanic cinder base. Figure 7-C 
shows the condition of this section at 210,000 wheel- 
trips, the end of the test. 

At 174,160 wheel-trips, section 1 had practically 
reached a point of failure, and the tufa gravel material 
was exposed between the wheel ruts. At the end of 
210,000 wheel-trips, section 1 had definitely failed. 
Figure 7-A shows the appearance of this section at the 
end of the test. 

Section 5, which had remained in good condition pre- 
vieusly, began to show some movement in the base. 
By the end of the test considerable displacement had 
occurred as shown in figure 7-D. The displacement 
curves, figure 5, shew clearly that there was a marked 
increase in the rate of surface displacement in section 5 
after the ground-water elevation had been raised to 41, 
inches above the top of the subbase. Comparison of 
ficures 6—E and 7—D show the difference in behavior of 
this section under altered test conditions. 

Sections 3 and 6 remained in excellent condition 
throughout the track tests. Very little surface displace- 
ment took place after 60,000 wheel-trips (see fig. 5). 
Figures 7-B and 7—E show the appearance of sections 
3 and 6, respectively, at the end of the tests. Compar- 
ison with figures 6—C and 6—F shows changes in appear- 
ance since that at 160,000 wheel-trips. The smooth 
appearance of the wheel ruts is caused by material car- 
ried from sections | and 2 where the surfacing had failed. 

The density of each track section was measured at 
the time of failure or at the end of the testing period. 
The results of these determinations as well as those ob- 
tained after compaction are shown in table 8 together 
with the densities obtained in the standard compaction 
test on the fraction of the material passing the No. 4 
sieve. 

No consistent relationship was found between the 
densities measured by the laboratory compaction test 
and those obtained in the track either after the initial 
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Figure 6.—-APPEARANCE OF CrRCcULAR TRACK Test SECTIONS 
AFTER 160,000 Wueet-Tries or Trarric. A. SURFACING 
OF SecTion | Fattep BerweeEN WHEEL Ruts BECAUSE OF 
MoveMENT IN Base: B, Base-CourskE MATERIAL OF SECTION 2 
SHOVED UP THROUGH SuRFACE TREATMENT BETWEEN WHEEL 
Ruts; C, Litre DispracemMent OccuRRED ON SECTION 3. 
SuRFACE TREATMENT IN EXCELLENT ConpITION: D. SomE 
MoveMENT Took PLace in Section 4: E, Lirrite Dispiace- 
MENT OCCURRED ON Secrion 5, SurFAcCE TREATMENT IN 
EXCELLENT CONDITION: F, BASE AND SURFACE OF SECTION 6 
IN EXCELLENT CONDITION 


compaction period or at the end of the test. Although 
profiles taken at the end of 20,000 wheel-trips of dis- 
tributed traffic (interval from 40,000 to 60,000 wheel- 
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FIGURE 7.—APPEARANCE OF CIRCULAR TRACK TEstT SECTIONS 
AFTER 210,000 WuHereEL-Trips (END or Test). <A, SEcTION 1 
Hap FatLep; Secrion 2 (Nor SHown) Hap PREVIOUSLY 
FatLep; B, Secrion 3 REMAINED IN Goop ConpITIon (Com- 
PARE WitH Fic. 6—C); C, Section 4 RutTrep AND SURFACE 
Broke, Expostinc Base; D, ConstIpDERABLE DISPLACEMENT 
OcCURRED ON SECTION 5 (COMPARE WITH Fia. 6—E): FE, Stc- 
rION 6 REMAINED IN Goop CONDITION (COMPARE WITH 
Fic. 6—F 


trips) showed that appreciable compaction had taken 
place in all sections, the determinations made at the 
end of the test showed that sections 3, 5, and 6, which 
exhibited the least movement under traffic, were slightly 
less dense than at the end of the initial compacticn 
period. It is probable that a major part of the measured 
displacement occurring under distributed test tra‘tic 
was due to further consolidation of the surface treat- 
ment. Increases in density were nceted in sections |, 2, 
and 4 which failed or were unstable at the end of the | st. 

This investigation makes possible a direct correl: (on 
between the circular track tests and service perform: ice 
since the material tested in section 5 of the track cine 
from the same source as the cinders used in construc | ing 
FAP 105-C, a project which was included in the | eld 
condition survey. 
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The mechanical analyses and physical constants of 
he five samples taken from FAP 105—-C together with 
he respective surface condition ratings appear in 
tuble 1. The grading and constants of the material 
(ested in section 5 are given in table 6. The behavior 
of this section under test is summarized in table 7. 

The laboratory tests on samples from FAP 105—¢ 
showed that the base courses in areas where no failure 
occurred were nonplastic, that they had liquid limits of 
30 or less, and that the amount of material passing the 
No. 200 sieve did not exceed 21 percent. Where failures 
occurred, liquid limits of 33 and 37, plasticity indexes of 
7 and 14, and percentages passing the No. 200 sieve of 
20 and 32, were determined by tests on base-course 
samples. 

The cinders tested in section 5 of the circular track 
were nonplastic. The liquid limit was 18 and _ the 
amount passing the No. 200 sieve was 19 percent. It 
can be inferred, therefore, that the section 5 material 
would have proved entirely satisfactory for use as a 
base course under field service conditions. 


‘ 


SECTION 2 ONLY MATERIAL REVEALED UNSATISFACTORY BY TRACK 
TEST 


In reports of previous circular track investigations, 
it has been stated that an average vertical displacement 
of 0.25 inch was sufficient to cause marked damage to 
the bituminous wearing course. Furthermore, it was 
found that, with the ground water elevation 's inch 
above the top of the subbase, concentrated traffic pro- 
vided a condition sufficiently severe to enable the identi- 
fication of the definitely unsatisfactory materials. In 
the present investigation and under these test conditions, 
section 5 gave excellent performance. Satisfactory be- 
havior with average vertical displacements below 0.20 
inch was also observed while testing with water at the 
2',-inch elevation. (See table 7 and figs. 5 and 6—-E). 

It was not until the ground water had been raised to 
4', inches above the top of the subbase or within about 
1's inches of the surface that section 5 showed excessive 
movement. Since section 5 was constructed of material 
having known satisfactory characteristics, it is evident 
that the test conditions imposed near the end of the 
investigation were more severe than are normally en- 
countered in service. Using a criterion that definitely 
unsatisfactory materials will not withstand concentrated 
traffic with water !; inch above the top of the subbase 
Without excessive vertical displacements and that wholly 
satisfactory materials will withstand concentrated 
traffic with water 2's inches above the top of the sub- 
base without excessive movement, the five cinders and 
the tufa gravel tested in the circular track are rated as 
shown in table 9. 

Section 1 was slightly unstable with water at the 
inch level and is rated as poor. Section 2 was 


Panic 9.—Rating of sections after testing under concentrated 
traffic with water elevation 2'% inches above the top of the subbase 


dec 


a. Composition Service rating 


1 | Tufa gravel with sand Poor. 
2 Red cinders Unsatisfactory 
Satisfactory 


Black cinders 


t Red cinders Fair 
5 do Satisfactory 
do Do 


PUBLIC ROADS 133 


definitely unstable under this condition and failed 
completely with water at the 24-inch level. It is, 
therefore, considered unsatisfactory. Sections 3, 5, 
and 6 did not exhibit excessive movement with water 
at the 23-inch level and are rated as satisfactory. 
Section 4 gave good service with water at the ‘43-inch 
level but became slightly unstable when the water was 
raised an additional 2 inches. It is rated as fair al- 
though it is believed that under reasonably good drain- 
age conditions in the field it would give satisfactory 
service, 

Figure 8 shows the erading curves for samples Nos. 
S-12653 and S—-12654 (table 1), which were the two 
samples taken from points where failures had occurred 
on FAP 105—C, and for the materials from sections 1 
and 2 which showed excessive movement in the cireular 
track tests with water 2's inches above the top of the 
subbase. The shaded band in the figure was drawn 
to inelude the grading curves of all materials investi- 
gated which had shown satisfactory performance as 
base courses in roads or in the circular track. 

The grading curve for the tufa gravel tested in section 
1 falls almost entirely outside the shaded band, being 
finer than any of the other materials investigated. 
The other three materials that gave unsatisfactory 
service have grading curves which fall outside the 
shaded band in the vicinity of the No, 200° sieve 
SIZE, 

Section 4 was unstable and section 5 was slightly 
unstable at the end of the test under the extremely 
severe conditions which were imposed. The materials 
tested in these two sections have gradings which fall 
entirely within the band of satisfactory materials. 
Likewise, the materials tested in sections 3 and 6, which 
gave excellent service throughout all phases of the 
testing, have grading curves falling within the band. 
An examination of the analyses of material passing the 
No. 10 sieve given in table 6 shows that for the section 3 
and 6 materials only 4 percent of the soil mortar was 
clay while the clay content of section 5 was 7 percent 
and that of section 4 was 10 percent. Similarly, the 
silt plus clay contents of sections 3 and 6 were respec- 
tively 16 and 14 percent, that of section 5 was 25 
percent, and that of section 4 was 27 percent. It is 
possible that the larger amount of Very fine material 
present in the soil mortar fraction was responsible for 
the adverse behavior of sections 4 and 5 under the 
extremely severe testing conditions. 

Samples Nos. S-12653 and S—12654 taken from failed 
locations on FAP 105—-C had plasticity indexes of 7 and 
14 respectively. All other base-course materials in- 
cluded in this investigation were nonplastic. This 
investigation did not furnish sufficient information to 
determine the maximum allowable plasticity index for 
base-course materials. 


CONFORMITY OF MATERIALS WITH SPECIFICATION FOR STABILIZED 
BASE-COURSE MATERIALS STUDIED 


A. A.S.H.O. specification M 56-38 gives require- 
ments for materials for stabilized base course. Volcanic 
cinders are not included within the three types of 
materials covered by the specification. However, they 


most closely resemble the type C materials (gravel, 
stone or slag screenings, or sand) and a comparison of 
the results of tests on the cinders with the type C 
specification requirements is, therefore, of interest. 
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FIGURE 8.— GRADING BAND OF SATISFACTORY 


The requirements for type C materials contained in 
the specification are as follows: 
Passing Percentage by weight 
34-inch sieve 100 
No. 4 sieve 70-100 
No. 10 sieve 35-80 
No. 40 sieve 25-50 
No. 200 sieve 8-25 


The fraction passing the No. 200 sieve shall be less 
than one-half of the fraction passing the No. 40 sieve. 
The fraction passing the No. 40 sieve shall have a liquid 


limit not greater than 25 and a plasticity index not 
greater than 3. 

All of the samples from locations designated as intact 
in table 1 were somewhat coarser than required by the 
specification since in each case there was less than 100 


percent passing the %-inch sieve. Sample No. S-12647 
had only 61 percent passing the No. 4 sieve as compared 
to the minimum of 70 percent contained in the specifica- 
tion for this size. In all other respects, the samples 
from intact locations conformed to the grading require- 
ments of the A. A.S.H.O. Samples No. S—12647, S 

12650, and S-12656 had liquid limits greater than 25 
but not greater than 30. 

Samples Nos. S-12657 and S-12659 had liquid limits 
less than 25 as required by the specification. All five 
of the samples under discussion were nonplastic. 

In four cases the percentage passing the No. 200 sieve 
was less than. one-half of the percentage passing the 
No. 40 sieve while in the case of sample No. S-12656 
this ratio was 0.54. 

The samples from areas where distress was noted 
(table 2) also had maximum-size particles larger than is 
covered by the specification. These two samples, 
S-12653 and S-12654, failed to meet the grading re- 
quirements of the specification in another respect since 
the percentages passing the No. 200 sieve were 29 per- 
cent and 32 percent respectively as compared to a Maxi- 
mum permissible percentage of 25. The liquid limits, 
the plasticity indexes, and the ratios of the percentage 
passing the No. 200 sieve to the percentage passing the 
No. 40 sieve are all too high for these two samples to 
conform to the specification. 

In the circular track tests, section 1 was rated as poor 
(see table 9). The material used in the construction of 


CINDERS 


AND GRADING CURVES OF UNSATISFACTORY CINDERS. 

this section failed to meet the A. A. S. H. O. type C re- 
quirements because it had too large percentages of 
material passing the Nos. 10,40, and 200 sieves, and be- 
cause it had a liquid limit greater than 25 and a dust 
ratio greater than 0.50. Section 2 material was rated 
as unsatisfactory. It failed to meet the specifications 
because the percentages passing the No. 10 and No. 40 
sieves were too large and the liquid limit was 35. See- 
tion 4 material was rated as fair and met the require- 
ments in all respects except that the dust ratio was 
ereater than one-half. 

Sections 3, 5, and 6 were rated as satisfactory in the cir- 
cular track tests. Section 3 failed to meet the specifica- 
tion requirements in that it had too small an amount of 
material passing the No. 4 and No. 40 sieves and had a 
dust ratio of 0.53. The cinders used in sections 5 and 
6 had a small amount of material retained on the 
*-inch sieve but otherwise met the specification except 
that the section 5 material had a dust ratio slightly 
greater than one-half. 

CONCLUSIONS 


Based on the results of the field condition survey 
and the circular track tests, the following conclusions 
appear to be justified: 

1. There is adequate evidence to show that voleanic 
cinders having the proper characteristics can be used 
successfully as base-course material for thin’ bitumi- 
nous surface treatments. 

2. The investigations reported indicate strongly that 
voleanic cinders will prove satisfactory for use as base 
courses for thin bituminous surface treatments if they 
meet the A. A. S. H. O. specification M 56-38 for type 
C stabilized base-course materials with the following 
modifications: 

a. The maximum size may be increased from 
4 inch to 1% inches. 

b. The amount of material passing the No. 200 
sieve should not exceed 20 percent. 

ec. If the fraction passing the No. 
nonplastic, the maximum permissible 
may be increased from 25 to 30. 

d. The percentage passing the No. 200 » eve 
may be less than 0.6 of the fraction passing the 
No. 40 sieve. 


40 sie\ is 
liquid it 
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3. The base thickness of 5 inches appears to be ade- 
quate for the conditions existing on the two projects 
studied in the field. It should be noted that in most 
instances where examinations were made, a cinder 
subbase having a minimum thickness of 8 inches was 
encountered, 

4. Failure occurred in a plastic base course on project 
105-C even though this base course rested on a non- 
plastic cinder subbase. 

5. Even though the most satisfactory cinders are 
nonplastic, adequate compaction and density of base 
course can be obtained by the judicious use of water 
during rolling. 

6. There was no evidence on the projects studied in 
the field or in the circular track to indicate that, as a 
result of manipulation with water, the cinders undergo 


(Continued from page 124) 
pavement elevation as practicable, preferably within 
Hinches. Small pieces of reflectorized material fastened 
to miscellaneous posts and trees along the roadway are 
not satisfactory where it is necessary to delineate the 
alinement of a highway. 


TABLE 12.—-Effectiveness of road edge delineators 


Distribution of visibil- 


Num- ity and effectiveness 
ae Sgt : Spac- Sky con- ber ratings Rating 
Reflecting material ae dition stab: rage 
serva- 
tions Good Fair Poor 
Feet Percent Percent Percent 
[Wes 52 53 40) 7 73 
R.C. type A } Moon 24 20 60 20 50 
| Total 76 45 15 10 68 
fieee 15 100 0 0 100 
Plastic buttons ») Moon 6 100 0 0 100 
| Total 21 100 0 0 100 
Dark 37 87 13 0 4 
1D 10) Moon Is 67 3 0 S4 
| Total 55 SI 19 0 4] 
Dark 7 71 29 0 St 
1) 0) Moon 6 75 25 0 SS 
| Total 13 73 27 0 87 
160 Dark 16 75 25 0 SS 


ined by adding all of the percentage rated **good”’ to one-half the percentage 
rated *‘fair,”’ 


tructed of 1 inch x 3 inch board wrapped with material having a reflective coat 


ing for 42 inches and placed 5 feet from pavement edge. 
Individual markers 
* Delineators constructed of Linch x 3 inch black board with three units of reflecting 
butt each unit containing 3 buttons) mounted | foot, 2 feet, and 3 feet above and 
) fee tside the pavement edge 
Table 13 shows the rating factors for a number of 


devices used to mark guardrails and culvert headwalls 
alone the test route. All of the markings were about 
equaiity effective, except for the guardrail that was 
panied white and reflectorized with glass beads which 
Was particularly outstanding (fig. 14-B). For traffic 
lo ove with any degree of safety during blackouts, 
all |) \dge piers, abutments, and other objects within 


the Tens ay or so near as to constitute traffie hazards 
sho be marked either with a cluster of reflecting 
butt. is or a reflectorized sign within 18 inches of the 


= nm of the roadway surface, or reflectorized with 
ea | paint or reflectorized materials from a point as 
close 4 the pavement surface as practicable to a height 
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sufficient change in gradation or physical characteristics 
to influence their performance as base courses. 

7. The one tufa gravel investigated in the circular 
track did not give satisfactory service as a base course, 
and this could be explained on the basis of an excess of 
fine-size material. Tufa gravel with a coarser gradation 
would probably serve satisfactorily as a base material. 

8. This investigation provided a direct correlation 
between circular track tests and field service behavior. 
It established the fact that suitable base-course mate- 
rials will withstand concentrated traffic in the circular 
track with water 2's inches above the top of the sub- 
base but that water 4! inches above the top of the 
subbase provides a condition more severe than can 
reasonably be expected under normal service condi- 
tions. 


hostile t Th 





Figure 14.—A, 3-Incu Boarp Coverep WirH REFLECTORIZED 
MATERIAL SUITABLE FOR USE AS A MARKER OR DELINEATOR;: 
B, Enp PANELS OF GUARDRAIL REFLECTORIZED WITH BEADED 
Wuite PAINT. 


of 36 inches, or lanterns suitable for blackout purposes 
should be used. 
CONCLUSIONS 


The main conclusions regarding highway signs and 
markings for blackout conditions based on the results 
of this study conducted under actual road and operat- 
ing conditions may be summarized as follows: 

1. Both urban and rural highways can be marked so 
that vehicles equipped with the approved blackout 
lighting system may be operated with comparative 
safety at speeds up to at least 20 miles per hour. 

2. The need for highway signs, especially of the 
informational type, is greatly reduced while the need 
for pavement and object markings is increased. 

3. Signs used during normal illumination are of little 
value. To be effective they must be either illuminated 
or reflectorized and mounted close to the roadway at 
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TABLE 13.—-Visibility or effectiveness of various devices to mark 
location of quardrails or culverts 
q 
Num Distribution of effective- 
ber of ness and visibility ratings , 
| Sky condi “te ‘aaincdias ibil = Rating 
ype of device ; obser ; 
n wetol 
\ii- 
tions Grood Fair Poor 
/ ent I ¢ Percent 
bon 27 th 7 ‘) 
Ciuardrail painted white Mi ‘ ) nD) 9 ‘) 
| Pot 2 " 17 27 () 
Dar 15 ! 6 97 13 
Reflecting buttons on end Moor Is 20 1) i) 1) 
post of guardrail! | 
Tota 63 ] 0 13 
Reflecting buttons along steel Dark 1) 16 $1 23 2 
ribbon of guardrail (1 for Moor 12 1) H) 1 ~) 
each &-foot section } 
| | i ! 14 a a s 
Reflecting buttons on. steel rk 1 1) 0 s( 
ribbon and near top ofevery | Moor f ) A) OF ( 
fourth post | 
I i 21 ( ( Jn j 
sepa l 70 >) 10 SO 
White beaded paint on 3 end Moon ti 100 0 0 100 
panels of guardrail | 
Tota x t &S 
(oem +) 21 1) ay 16 
Reflecting material (& inche loon 12 tit a a) “() 
x 12 inches) on end post | 
otal 12 ; 1 Jt 
Culvert. marker with black — 0) 23 7 0) HD 
and white stripes and 3 re Moor 12 25 () OF *) 
flecting buttons at different 
heights | 42 4 7 f ) 
' Obtained by adding all of the percentage rated “good mne-half the percentage 


rated “fair.” 


the proper angle, with the top of their 6-inch legends 
within 18 inches of the elevation of the road surface. 

4. Interior-illuminated signs are the most effective 
type and must be used whenever a legibility distance 
in excess of 75 feet is required. 

5. Exterior-illuminated are desirable 
where the same sign must be effective for both normal 
and blackout conditions. ) 


most 


signs 


They are satisfactory on 2- 
and 4-lane highways where a target value in excess of 
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75 feet is desired and where there is no need of 
average legibility distance in excess of 50 feet. 

6. Reflectorized signs can be made that will | 
legible to drivers on both 2- and 4-lane highways, wh« 
properly placed, for a distance of at least 50 feet, whi 
is adequate for most locations where a sign is necessat 

7. Reflectorized symbols are effective when propel 
placed; they are relatively inexpensive and should | 
used in advance of curves or intersections requiring 
reduction in speed below 20 miles per hour. 

8. Pavement and object markings to be effect 
must be reflectorized. 

9. Visible centerlines are the most effective and 
necessary marking. They should be continuous on 
curves. Dashed centerlines are adequate on tangent 
sections of highways, providing the dashes are at least 
10 feet long and the spaces do not exceed 20 feet. 

10. Curbs and objects within the direct line of traffic 
must be marked. 

11. Effort at the present time with respect to high- 
way marking should be directed primarily toward install- 
ing markings that are most effective and necessary for 
both normal and blackout conditions. 


INDEX TO PUBLIC ROADS, VOLUME. 22, NOW 
AVAILABLE 


The index to PUBLIC ROADS, volume 22, is 
available. A chronological list of articles and a list of 
authors are included with the index. The index will 
be sent free to subscribers to PUBLIC ROADS re- 
questing it. Requests should be addressed to the 
Public Roads Administration, Federal Works Agency, 
Washington, D.C. 

Indexes to volumes 6 toS and 10 to yA inclusive, are 
also available and will be sent to PUBLIC ROADS 
Indexes to volumes 1 to 5, 
The supply of 


how 


subscribers upon request. 
inclusive, have never been prepared. 
the index to volume 9 is exhausted. 
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Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


ANNUAL REPORTS 
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10 cents. 

Report of the Chief of the Bureau of Public Reads, 1932. 
5 cents. 
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5 cents. 
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10 cents. 
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5 cents. 
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Part 3. . . Inmadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 
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10 cents. 

Part 6. . . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 70MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


No. I9|MP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 
No. 279MP. . Bibliography on Highway Lighting. 5 cents. 
Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 


An Economic and Statistical Analysis of Highway-Construction 


xpenditures. 15 cents. 
Highw:y Bond Calculations. 10 cents. 
Transit.on Curves for Highways. 60 cents. 
Highwe.s of History. 25 cents. 
Specific. tions for Construction of Roads and Bridges in National 


1 dollar. 


Fore: s and National Parks. 


DEPARTMENT BULLETINS 


No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 192] and 1922. 15 cents. 


No. 1486D . . Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 


35 cents. 








_ Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 
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No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10-22, inclusive. 
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No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


REPORTS IN COOPERATION WITH UNIVER- 
SITY OF ILLINOIS 
No. 303. . 


. Solutions for Certain Rectangular Slabs Con- 
tinuous Over Flexible Supports. 


No. 304. . . A Distribution Procedure for the Analysis of 
Slabs Continuous Over Flexible Beams. 

. . Tests of Plaster-Model Slabs Subjected to Con- 
centrated Loads. 

. Tests of Reinforced Concrete Slabs Subjected to 
Concentrated Loads. 

. Moments in Simple Span Bridge Slabs With 
Stiffened Edges. 
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No. 314. . 


No. 315. . 
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Certificate of Title, and Antitheft Act. 
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